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WATER POLLUTION CONTROL 
FEDERATION 


Special Features 


Radioisotope Test for Coliforms—Levin et al. 
Legal Responsibilities of Operators—Samson 
Cellulose in Activated Sludge—Hurwitz et al. 
Tastes and Odors—Baker 
Steel Mill Sludge—Hoak 
Orlon Wastes—Ta,lor et al. 


2 
Tay 
gin 3 
= \ 
AS 
Se 
4 
EX 
: 
é 


IF) POSITIVE CONTROL OF MATERIALS FLOW 
Remote pump and valve control. 


€4444¢ 


with immediate 
report-back... 
all over two 
wires! 


B-I-F Supervisory Control simplifies remote operations! 


Receive positive, immediate report-back that you have started or 


stopped a pump miles away at a predetermined flow, level or pressure 
... that a distant valve (as illustrated) has started, stopped, or throttled 


a vital process flow . . . with B-I-F’s simple, economical Synchro-Scan 


Position Indicator Controller. 


These compact, low cost, reliable units are easy to install and 
operate . . . provide centralized control and continuous position indi- 


cation of remotely located valves, gates, feeders and similar devices. 


System consists of two units, one at remote end and other at central 


dispatching center . . . and the single pair of conductors that connect 


them. Plug-in design assures quick accessibility, minimum main- 


tenance, adaptability to cabinets or panels of many styles . . . depend- 


able, accurate performance! 


Industries 


A DIVISION OF THE NEW YORK AIR BRAKE COMPANY 


METERS ¢ FEEDERS » CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Kequest Bulletin 240.20-3 for complete details. Write .. . 


B-1-F Industries, 368 Harris Ave., Providence 1, R. I. 
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FLUSH KLEEN’ 
CLOG-PROOF SEWAGE 


Grand Avenue Station, Downers Grove, I !linois 
ght Company, Engineers 
Consoer-Townsend & As.o-:nces, Engineers 


NUISANCE-FREE AND 
TROUBLE-FREE SEWAGE PUMPING 


FLUSH KLEEN Clog-Proof Sewage Pumps are trouble- 
free, nuisance-free units which meet today’s require- 


ments. They are designed to handle high solids loadings 
of wet strength paper products and ground garbage 
without clogging or interruption . . . and operate with 
smaller pumps and motors. Solids never reach the im- 
peller! 


TWO MAJOR DESIGN 
IMPROVEMENTS NOW AVAILABLE 


@ New FLO-THRU STRAINER 


OVER 13,000 FLUSH Permits greater solids loadings 


KLEEN INSTALLATIONS 
@ New BY-PASS FITTINGS 


FLUSH KLEEN OFFERS THESE ADVANTAGES Allows greater inflow capacity 


e@ Low Original Costs @ Smaller Motors Permits pump selection based 


e Pumps Handle Clear Liquid Only e Smaller Pumps only on discharge capacity 


SOLIDS NEVER REACH THE IMPELLER! 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY «¢ CHICAGO 14, ILLINOIS 
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LET US SOLVE YOUR INDUSTRIAL WASTE PROBLEM 


Today's modern industries and processes often create industrial waste prob 
lems that can actually stall profit-making applications of new discoveries 


Naturally enough, communities feel that public health comes first, and some 
industrial wastes and acids may eat up sewer lines fast 


At Crystal Lake, Illinois, the Clay Pipe industry has built a modern new re- 
search and testing laboratory. Experimentation is constantly going on to test pipe 
and jointing materials to see which is actually the best under all conditions for 
sanitary and industrial wastes 


Tests show that Vitrified Clay Pipe with its new resilient self-sealing joints is 
impervious to the corrosive action of sanitary sewerage and industrial wastes and 
acids which normally flow through sewer lines 

But yours may be a special problem. 

Let us help you with it. Write, outlining 
the problem to be tested, to: 


NATIONAL CLAY PIPE MANUFACTURERS, INC., (02s Connecticut Ave. 
Washington D.C. 


NATIONAL CLAY PIPE MANUFACTURERS. INC 
1028 Connecticut Ave, Washington, D.C 


COMPRESSION SEALED, VITRIFIED 


MNS Please send me full details on the new factory. | 
D D made compression joints on Clay Pipe 
/ 
NS ame 
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eo THE STANDARD in SANITARY SEWERS 
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NICHOLS Compact 


SLUDGE DISPOSAL PLANT 


FOR THE SMALLER COMMUNITY 


IN LESS SPACE THAN A TWO-CAR GARAGE! 


COMPLETE DESTRUCTION—The Nichols system destroys all putres- 
cible solids. 


CLEAN—AIl gases scrubbed before discharge to atmosphere com- 
plying with most stringent air pollution requirements. 

Furnace ash is sterile, inert, completely odor free; packs firmly, 
provides excellent fill material. 


ECONOMICAL—Low first cost. Operating savings: No chemicals, no 
fuel to sustain combustion, negligible power consumption, low 
maintenance and little personal attention. 


SAFE—Since no chemicals are required, corrosive materials affecting 
equipment and personnel are eliminated. 


For further information write for our new Bulletin 245. 
PUBLIC WORKS DIVISION 


{ NI C H O L S| ENGINEERING & RESEARCH CORP. 


; 80 Pine Street, New York 5, New York 
3513 N. Hovey Street, Indianapolis 18, Ind. * 1336 North Carolan Ave., Burlingame, Calif. 
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Alabama Water and Sewage Assn.* 
J. FINNELL, J 5 Univ. of Alabama, Uni 
versity, Ala 


Alaska Water Management Assn. 
TER Sec.-Tre 


Cuartes F. WA Arctic Health 


Research Center, Box %¢ Anchorage Alaska 
Arizona Water and P ollution Control Assn.* 
A. D. Cox, Sec.-Treas 612 16th St., Phoenix, 
Ariz 
Arkansas Water and Sewage Conf.’ 
C. W. Oxrorp, S$ Treas., ( eg f Engineering 
Univ. of Ark as, | tteville, Ark 
California Water Pollution Control Assn, 


STEPHEN H 1 Sec.-Tr Bureau of 
Engr Box 535. ¢ ‘ ( 


Canadian Institute on Sewage and Sanitation 
\ 


JERRY Se Treas., Administrative Office, 
72 Grenville St Toronto 8, Ont., ¢ i 
Central States Sewage and Industrial Wastes 
Asan. 
Scott E. Linsey, S$ Trea 24 Childs Rd 


St. Paul 6, Mi: 

(England) Institute of Sewage Purification 
W. F. A. Snook, Se 10, Cromwell Pl., South 
Kensington, I jon, S. W. 7, England 


(England) Institution of Public Health Engi- 


neers 
Ernest V. Batsom, Se 17 Vauxhall Bridge 
Rd., London, S. W. 1, England 

Federal Sewage Researc h Assn 
Martin F. Kunket, Sec.-Treas., R 32, HEW 
South Bldg W gton 25, D. ¢ 


lorida Pollution ( ontrol Assn. 
Vincent DPD. Part Trea State Board of 
Hes i th, Box 2 Jacksonville | 

Georgia Water and Sewage Assn.* 
Rosert I Trea Dept Applied 
Biology, Georg | { Tech Atlanta, Ga 


(Germany) Abwassertechnische Vereinigung 
t Recer, S I 8 Bertha von Sut 


Place, Bo G 
Indiana Water Pollution Control Assn 
VicTor VAGNER Se Tr State Dept. of 


ealth, 133 Michig 


lowa Water Pollution Control Assn. 
L. F. Skorczeskt S. 15th Ave., Mar- 
I 


Kansas Water Pollution Control Assn. 


Leonarp G. § R Trea City Hall, Hays, 


Kentucky-Tennessee 
ssn. 
S. Leary Jones, Sec.-Treas., 602 
Bidg., Nashville 3, Tenn 


Water Pollution Control 


Cordell Hull 


Loulsiana Conference on Water Supply and 
Sewerage * 
Greorce H. West. S Trea Box 15, Lake 


Charle La 


Maryland-Delaware Ww ater and Sewage Aassn.* 
State Dept. of 


Health, 301 W. Preston St., Baltimore 1, Md 


Michigan Se ewage and industrial W astes Assn. 
D. M. P State Dey Health 
Rm. 331, Admi Bidg., I ing 4, Mick 

ee Ws ater Pollution Control Assn. 
JAMES vi Treas., State Board of 
Health jacl ksor M 


Missouri Water Pollution Control Asso 


Jack K. Sec -Trea Water Pollution 
Control Board, 11 W. High, Box Jefferson 
City Mo 

* Water Pollution ¢ tr ection 


WPCF MEMBER ASSOCIATIONS 


Montana Sewage and Industrial Wastes Asen. 
W. Crarxson, Sec.-Treas., Div. of Environ 
Sanit., State B ard of Health, Helena, Mont 

Nebraska Sewage and Industrial Wastes Assn. 
E. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr 


New England Water Pollution Control Assn. 


Ricuarp F. Greerey, Sec.-Treas., Massachusett 
Dept f Pub. Health, 511 State House, Boston 
33, Ma 
New Jersey Water Pollution Control Assn 
NTHONY Leauey, Sec., Box 32, West Tren- 
J 
New York Water ctor Control Assn. 
RaLpH C. Sweeney, Sec., State Dept Health 
55 Church St., W hite Plains, N. Y 
New Zealand Sewage and Industrial Wastes 
Assn, 
R. Davi Sec., Metro. Drain. Bd., Box 208 
Auckland, C. 1, New Zealand 
North Carolina Water Pollution Control Assn. 
I OSBORN Treas Ro Municipal 
Bldg., Greer r N. ¢ 
North Dakota Water Pollution Control Assn. 


W. Van Hevveren, Sec.-Treas., State 
Health, Bismarck, N. Dak 


Dept. of 


Ohio Water Pollution Control Conf. 
B. Ransom, Sec.-Treas., Div. of San 


Dept f Health, 101 N. High St., C 


Engr., 
lumbus 15, 


Oklahoma Water, Sewage and Industrial Wastes 


“"M. Crane, Sec.-Treas., 3400 North 
Oklahoma City 5, Okla 


Eastern, 


Pacific Northwest Pollution Control Assn. 


GicBert H. Dunstan, Sec.-Tre Box 176, Pull- 
Wash 
Pennsylvania Water Pollution Control Assn. 
J. R. Har cin Treas., State Dept. of Health, 
6 S. Main St le, Pa 


Puerto Rico Water and Sewage Works Asan. 
Rosert J. Auto, Sec.-Treas., Espana 2015, Ocean 
I ark Santurce R 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 

Joun W. HERNANDEZ 

St Santa Fe, N. Mex 


Galistec 


Sec.-Treas., 408 


South Carolina Water and Works 
Ropert N. Bowen, Sec., 417 Wade 


Bldg., ¢ S. 


Sewage 


Hampton 


Assn. 
Engr., 


South Dakota Water Pollution Control 
Don ¢ KALDA, Sec.-Treas., Div. of San 
State Board of Health, Pierre, S. Dak 


(Sweden) Fireningen fir Vattenhygien 
Ertk Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Sec., 28 Hegemmatt, Zurich 2/38, 


Texas Water and Sewage Works Asen.* 
I 


G.R W Se Div. of San. Engr., State 


Dept H Austi Tex 


Utah Ww ater Pollution Control Assn. 
WitttaM W. AnverTon, Sec.-Treas., 2500 S. State 
Utah 


St., Salt Lake City 15 


Virginia Water Pollution Control Assn. 
OrvaL J]. HAN Se Trea Hercules Powder ¢ 
Hopewe Va 

West Virginia Water Pollution Control Assen, 


Gien O. Fortney Sec.-Treas., 
Health, Charleston 5, W. Va 


State Dept. of 
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‘BEATRICE, NEB., FRESH SOLIDS 
AT 9.2 LBS. PER SQ. FT. / HOUR, 
MONTHLY AVERAGE RATE 


‘COILFILTER DEWATERS 


ER OPERATING DATA Month July 


COILFILT Equiv. Pop. 12848 — 
City of Beatrice, Nebraska (Sus . Solids 
ity of_ bea" 
= The Beatrice, Nebraska, sludge 
P 


Solid FILTER CAKE | J ; dewatering report shown here is not 
| chem] chem 


unusual; it is representative of the 
scores of Coilfilter fresh solids 
dewatering installations through- 
out the country, as well as the 
hundreds of other Coilfilters 
dewatering digested or primary 
and trickling filter sludges. 


Note the low cost of Coilfilter 
dewatering — it performs 
where other dewatering devices 
only claim. The exclusive, 
self-cleaning, non-clogging 
filter media is guaranteed for 
twenty years. 


Consulting Engineers for 
Beatrice, Nebraska, 

STP: Henningson, Durham & 
Richardson, Inc., 

Omoha, Nebraska 


EN 


MONTH'S 


D for Diges AVERAGE 


Signed: Wayne Bitting 


KOMLINE-SANDERSON 
ENGINEERING CORPORATION 
PEAPACK, NEW JERSEY 


CANADIAN OFFICES AND PLANT 
RRAMPTON, ONTARIO, CANADA 


. 
i 
120 
ii 
638.2 [o.7 [1.06 [75.1] | 
(Tons) 3-5? (Tons) **Note: P 
ost 


MEMBER ASSOCIATIONS MEETINGS 


Association * Date Place 


anada 


ton-Mt. Roval, Montre il, Quebec, Canada 


Pacific Northwest et. 25-2 Hotel Winthrop, Tacoma, Wash. 


Florida 


‘herry Plaza 


New England 


Nebraska 


South C: 


North C 


Indiana 


arolina 


irolina 


George Vanderbilt Hotel, Ashlie. 


Oklahoma ov. 27 klahoma § » Unive y; illwater 


Louisiana Mar. 14-16, A State Uni , Baton Rouge 


Kansas 


Arizona 


Michiga 


Central 


n 


stat 


* See preceding left-hand page for full name 


THIRTY-FIFTH ANNUAL MEETING 


Water Pollution Control Federation 


HOST—Canadian Institute on Sewage and Sanitation 


Toronto, Ontario, Canada 


Royal York Hotel 
October 7-11, 1962 


Oct. 29-Nov. 1 «Hotel, Orlando 
Nov. 1-2 Northampton Hotel, Northampton, Mass. 
Nov. 8-9 Hotel Lincoln, Lineol: 
» 
Nov. li Richland County Health Center, Columbia 
Nov. 15-16 Hotel Washington, Indianapolis 
May 2-4 Lassen Hotel, Wichita 
May 3-5 Pioneer Hotel, Tucson 
: 
| May 21-23 Park Place Hotel, Traverse City 
June 20-25 Hotel Duluth, Duluth, Minn. 
| 
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INFILCO completely-mixed activated sludge plants 


cut B.0.D. removal costs 25-50% 


3 important new 
AERO-ACCELATOR™ plants 


by INFILCO 


2,000,000 G.P.D. 


1. Litchfield, Minn. Twin unit plant, each unit 47° dia. Consulting Engineers 


Bonestroo, Rosene & Assoc., St. Paul. 2. Thousand Oaxs, Calif. Singie unit (in 


foreground), 67’ dia. Consulting Engineers—Pomeroy and Associates, Pasadena. 3. Santee, Calif. Single unit, 67’ dia. Consulting Engineers—Lawrence, Fogg 


Florer & Smith, La Mesa, Calif 
Available for a wide range of capacities for 
municipal and industrial uses. 


Produce effluents of any desired organic level 
... from wastes of any organic strength. 


Handle biological loadings in less basin 
volume and space than conventional plants. 


B.O.D. removals up to 90% and better. 
Save 25 to 50% on capital and operational costs. 


Use highly efficient mechanical air 
dispersers for oxygenation. 


The development of complete mixing of activated 
sludge is one of the most important advances in the 
treatment of domestic sewage and strong industrial 
wastes in many years 

This process is employed with maximum efficiency in 
“AERO-ACCELATOR” completely-mixed activated sludge 
plants by INFILCO. Their advantages in better, more 
economical treatment are proven in installations around 
the world 

It will pay you to investigate. Write today for full 
information and Bulletin 6510 


INFILCO INC. 


Subsidiary of General Ameru a 
General Offices — Tucson, Arizona 


ffices throughout the United 


5578 
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PIPE THAT SHOULDERS 
A HEAVY LOAD 
WITHOUT SHOWING 
ITS AGE 


Recently installed in a town in Illinois, 
this cast iron pipe water supply system 
now serves a large industrial area. 

Besides the internal pressure of sup- 
plying the heavy daily demand, there 
is a heavy load overhead, too. The 
industrial area is a packaging and dis- 
tribution center. Large numbers of 
fully loaded rail cars and trucks come 
and go every day. 

As far as the cast iron pipe is con- 
cerned, this is all in a day’s work. 

Cast iron pipe shoulders heavy loads 
—interior and exterior—year after 
year; performs efficiently for a century 
or more. 

And it always delivers a full flow of 
water. 


ADVERTISING CAMPAIGN FROM CAST IRON 
PIPE RESEARCH ASSOCIATION SHOULDERS A 
HEAVY LOAD, T00! 


For years the Cast Iron Pipe Research Asso- 
ciation has attacked the water problem 
nationally; now, in addition, it is undertaking 
a new campaign to combat this crisis on a 
local level. Car cards, speeches, radio spots, 
newspaper ads, mailing pieces—everything 
will be included. If your town’s problem is 
apathy or a growing water shortage, we may 
be able to help. For complete details, write to 
the Cast Iron Pipe Research Association today! 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Piaza, Chicago 1, Illinois 


IRON PIPE 


THE MARK OF THE 100-YEAR 
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EIMCO-PROCESS TYPE DSB GRIT SEPARATOR 


Improved Grit Washing 


. . . Better Organics Removals 


with Washer INSIDE the Collection Tank! 


® No dead spaces. Floating putrescibles 
can’t accumulate, with spiral washer on 
the inside of the collection tank. No scum 
hosing. Movement of sewage across grit 
pocket reduces amount of organics that 
can deposit with the solids to a minimum 


No odor or fly nuisance 


® Variable speed drive accommodates wide 


variations between minimum and maxi- 
mum flows keeps organics from 
dropping out with the grit at low flows. 
Speed of grit collector mechanism is 
varied inversely with the velocity of the 
flow in the collection compartment. 


® Cleaned, washed grit is elevated suffi- 


ciently high above outlet for convenient 
disposal. 


EIMCO-PROCESS NON-CLOG DIFFUSERS 


Uniform air flow without clog- 
ging. Air diffuser floating top 
plate settles and seals off air 
aperture when pressure drops. 
Built for 11% to 4-in. pipes 
Bulletin PJ-1012. 


- OURNAL WPC] 
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Eimco-Process Type DSB Grit Separator, for large flows or deep collec- 
tion tanks, has two spiral washers in series, the lower discharging into the 
washer trough of the upper. Grit is retainea and scoured in the lower end 
of the upper screw by interrupted spiral flights for additional removal of 


organics. Both spirals driven by one drive. 


Eimco-Process also builds Type SB Grit Separators, with single screw 
washer, for small flows or shallow tanks. The Eimco-Process representative 
in your area will be glad to discuss good housekeeping in grit separation 
with you and your consulting engineers. Call him or write Eimco’s Process 
Engineers Division, 420 Peninsular Ave., San Mateo, California, U.S.A. for 
Bulletin PJ-1007. 


AVi = 


“Advanced Engineering and Quality Craftsmanship Since 1884"" 
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Which sewage lift station is best for your job? 


TOPS IN DEPENDABILITY AND SAFETY 


Concrete or steel under- 
ground station with Shone® 
Type S pneumatic ejector, 
controlled 
years). Re- 
pply. Nothing 
maintenance free; 


mechanically 


operates even under water. 
For municipalities and large 


SUPRISINGLY VERSATILE, INEXPENSIVE 


Shone® Type SAC station, 
underground concrete 
Mechanically con- 
(warranted 

rs) has its own com- 
pressor. Frequently less 
costly than package stations. 


Finds use everywhere. 


LOW FIRST COST—EASY INSTALLATION 


Two-compartment steel 
basin with centrifugal ver- 
tical wet pit pump. Pumps 
are not submerged; motors 
protected from flooding. Low 
first cost; fast installation 
For buildings, small grow- 


subdivisions. 


mmended 


ibdivision 


Expelsor® pneumatic ejec- 
tor station designed for use 
in buildings. Compressor is 
on basement floor; ejector 
on floor below. Sealed in- 
Stallation gives safe, odor- 


less handling of sewage in- 


sewer 


problems. Special 
truction for abra- 


rrosive conditions 


The answer depend 

porary station? What 

maintenance wil 

able? These and ma 

carefully and wit 

why not put Yeoman years’ experience (59 on 
underground stations alone) to work? Because Yeomans 
builds the only complete line of sewage lift stations in 
the industry, recommendations are impartial and in 


your best interest. Phon ire, or write now. 


Package underground §sta- 
tion. Expelsor® pneumatic 
ejector has two compart- 
ments, duplex compressors 
and controls. Excellent serv- 
ice accessibility. Especially 
suited for subdivision and 


municipal lift stations 


1999-7 N. Ruby St., Melrose Park, Ill. 


SPECIALISTS IN SEWAGE LIFT STATIONS—THE COMPLETE LINE 
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subdivisi 

PACKAGE STATION i 

quam Quality underground station 

trifugal pumps. Quality de- | pg | | 

if sign and equipment give A | 

Re: = good service life at r 4 

t. For small permanent , 

“ess ULTIMATE IN PACKAGE DESIGN BUILDING TYPE STATION 

Sanitary and dependable, | 

SPECIAL PROBLEMS? MAXIMUM RELIABILITY—MINIMUM SPACE 

Centrifugal vertical wet pit 

tling basin. Good for areas : . 

4, where sand or old 4 7, 
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automatic 
alarms 
keep your 
chiorination on the’ 
BEAM} 

] 


Convert your chlorine system to a system that watches itself, monitors 
its own results. Conversion is easy with Wallace & Tiernan Automatic 
Alarms. These dependable warning devices aid in overall operating 
efficiency ... give you the final assurance that your system is operating 
properly, that your water is safe. And these alarms are flexible enough 
to tie in with any physical layout, any type of signal. 

W&T Alarms warn of any deviation from desired performance. You 
get audible or visible warnings, at or remote from the chlorinator. Alarms 
warn you of dangerous pressure increases, lowered or exhausted chlorine 
supply, malfunctions in auxiliary equipment, and other hazards. And, to 
keep your system “on beam” at all times, alarms show residuals outside 
pre-set limits. 

With automatic alarms by Wallace & Tiernan you avoid 
dangerous underchlorination and wasteful overchlorination. 

You save man-hours for more efficient use of personnel. 


For more information, write Dept. S-143.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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When It Leaves On “The 3:01, 
Your Armco Gate 
Is Ready To Install 


Big or small, every Armco Sluice Gate is completely 
assembled and adjusted before it leaves for your job 
site. It arrives as a self-contained unit. and can be 
quickly mounted by an inexperienced crew with proper 
supervision. There's no need for high-cost. specialized 
labor. Detailed instructions for final adjustment are in- 
cluded with every gate. 

Low installation cost is just one of the advantages you 
eet with rugged, watertight Armco Gates. Write Armco 
Drainage & Metal Products. Inc.. 5801 Curtis Street. 
Middletown. Ohio, for the latest catalog. 


€ 
ARMCO Drainage & Metal Products 


Steel 
economy 
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This is Winston-Salem’s Waste Treatment Plant Showing P.F.T.’s 200’ Rotary Distributors 
and P.F.T.’s 90" Floating Cover Digesters with P.F.T.-Pearth Gas Recirculation Systems. 


Superior Waste Treatment at Winston-Salem 
.... Now and for Years to Come 


Winston-Salem, “‘City of Culture, 
History and Industry” is a big city 
with big ideas; ideas that are materi- 
alizing and consistently shaping the 
future of this southern metropolis 
In its metropolitan area there are 
over 280 diversified industries. Here 
you'll find the world’s largest ciga- 
rette manufacturing plant—the 
world’s largest men and boys’ knit 
underwear manufacturer —the 
world’s largest circular knit hosiery 


mills—and—one of the world’s finest 


waste treatment plants. 

This ‘“‘bigness”’ spells out civic co- 
In fact, Winston-Salem’s 
motto is “The City Founded Upon 
Cooperation”. Winston-Salem’s 


operation 


growth has been planned and these 
plans are expanding. 

All of this tremendous industrial 
and domestic growth demanded the 
ultimate in safe sanitation. Here 
again “the city of cooperation” took 
action and the construction of this 


waste treatment plant was the result of 


present and future-minded planning. 

Exceilently engineered this waste 
treatment plant places Winston- 
Salem among the nation’s leaders in 
fulfilling their obligation not only to 
the community but its downstream 
neighbors as well. Winston-Salem 
knows that modern waste treatment 
equipment—P.F.T.equipment—and 


a modern waste treatment plant are 
truly a civic asset. Please turn the 
page for the story of P.F.T. at 
Winston-Salem. 


he. 
“WE 
ig 


fine 


since 18' 


nd signers 


Company t i 
partic ipant in ) 
for the Winston-S 
P.F.T. Rotary D 

in diameter, ar 
uniformly over tt 
each filter bed. Es 
P.F.T. bronze 
assure the most effect 

these filters—thes« 


are the heart of this 


Che four 90 
are equipped with P.1 
Covers; three of t ‘ 
the P.F.T.-Pearth Gas R 
system 
provisions for the 
P.F.T.-Pearth 


taking the units « 


External H $ al 
Exchanger unit P.F.1 
complete accessiDu) 
unit of high thern 
With these P.F.1] 

uniiorm t 
maintained throug! 
system. Other P.F-1 
in this digestior 
Gas Safety E« 


julpment, 5 


il 
Equipment, Floa ( Ga 
Boards with Higl 
Low Lev Alarm 
This P.F.T. ‘‘Controll 
System” assures Wit 
the most modern ins n WwW! 
full control of the di ion proces 
Controlled uniform t eratures 


and positive elimir 
build-up gives comp! 


of the entire cig 


more effective diges 
under the highest soli 
of the digestior Close-up of P.F.T. Rotary Distrit 


arm showing P.F.T. Spreader Jet 


The Winston-Salem Waste Treatment Plant was designed by the Consulting 


Engineering firm of Piatt & Davis and Associates of Durham, N.C 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. + CHARLOTTE, N.C. + JACKSONVILLE + DENVER + SEATTLE +» SACRAMENTO «+ MILLBRAE, CALIF. « LOS ANGELES 
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NORTH CANTON’S 
NEW SEWERODER HAS 
RESERVE CAPACITY 


Ohio’s new city 
gears up for growth 


A. J. Haun, Water & Sewer Supt., 
watches SeweRodeR in action as 
John Fleischman, machine opera- 
tor, handles simplified controls. 
Board of Public Affairs, which con- 
curred in selection of the 
SeweRodeR, consists of Cari 0. 
Sponseller, Pres.; George W. Post, 
lL. Earl Waltenbaugh, Members; 
and Lester L. Broucher, Clerk. 


R apia growth during the past ten years resulted in North Canton, Ohio 
becoming a City in 1961. Even faster growth is anticipated through annexa- 
tions, and the City officials have wisely taken this into account by long range 
planning. 

A major problem created by the rapid expansion is the ability to provide 
adequate sewer cleaning service for today’s needs, plus reserve capacity for the 
future. After careful investigation, Water & Sewer Supt. A. J. Haun found 
that by purchasing and truck-mounting a SEWERODER, a single rodding crew 

. could easily maintain the entire system on a preventive maintenance basis. He 
says, “we find the SEWERODER to be the easiest machine to set up and operate 
that we have ever had.” 

The SeEwERopER’s superior performance is made possible by many 

unique and exclusive features, such as positive non-slip rod drive, automatic 
safety clutch, instantly reversible push-pull power. All rods are self-contained 
in the machine and operating controls are conveniently located. Set-ups are 
made from street surface by merely 
lowering the hose guide into the 
manhole by means of a rope. 


415 South Zangs Bivd., Dallas, Texas 
3786 Durango Ave., Los Angeles 34, Calif. - 1005 Spencerville Road, Lima, Ohio 
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TRUE EFFICIENCY 
WITH FLEXIBILITY 


THE TRUE EFFICIENCY of any type of sewage aerating equip- 
ment is best measured in terms of oxygen dissolved into the 
sewage, not air ‘‘delivered”’ to it. Until the oxygen is in solution, 
it is not available to the aerobic organisms responsible for 
purification. 

As a result of recent investigations, it is becoming increasingly 
apparent that oxygen absorption is almost entirely dependent 
on the rapid and continuous creation of liquid-to-air interfaces. 
This fact has been long known but not forcibly demonstrated 
until recently. All oxygen absorption occurs at the liquid ‘‘sur- 
faces’’'—regardless of equipment design or method of aeration. 


Therefore, the gauge of efficiency, whatever type of equipment 
you consider, is ‘ibs. of oxygen absorbed per KWH." 


Compare Hi-Cone's ‘efficiency rating’’ with any other aeration 
equipment. At the same time, investigate the ease with which 
Hi-Cone handles variations in waste flows and strength through 
easily adjustable weirs and variable operating speeds. You can 
get this information by asking your Yeomans representative or 
the factory for the studies offered at right. 


TYPICAL FLEXIBILITY AND EFFICIENCY OF NO. 70 HI-CONE 
(OXYGENATION CAPACITY—20° TAP WATER) 


Inches of Lbs. 02 NET KWH 


Absorbed er Lb 

Cone R.P.M. P 

Exposure per Hour NET OW Oxygen 
at 20°C Absorbed 


34 37.2 7.0 .188 
42 9.9 .172 
38 38.7 7.3 .189 
46 54.0 10.0 .185 
34 49 177 
50 54.0 9.5 .176 


Units for 


NOW AVAILABLE! 


Basic Data for 
Evaluating 
Aeration Equipment 
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HI-CONE 


SURFACE AERATOR 


DRIVE UNIT 


BEAM 
ROTATING 
“CONE” 
ADJUSTABLE 
‘ UPTAKE 
TURE WEIR TROUGH 
NO | 
§ NO AUXILIARY 
SUBMERGED 
BEARINGS OR_ | EQUIPMENT 
SHAFTS | 
ty 


ALL Sizes of Waste Treatment Plants 


(_] Activated Sludge Plants 
Aerobic Digestion Plants 


|] Aerator Performance Studies 


YEOMANS 


1999-7 N. Ruby Street Melrose Park, Illinois 


WASTE HANDLING SPECIALISTS FOR OVER 60 YEARS 


H-6139 
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Start of a 
100 YEAR 


This reinforced concrete sewer will be in service generations from now, because concrete 
surpasses all other materials. Most concrete sewers do not require protection, but when 
strong chemical effluents or oxidized H,S are a problem, only T-Lock AMER-PLATE pro- 
vides positive protection. T-Lock AMER-PLATE is a high molecular weight polyvinyl 
chloride sheet which is cast into the concrete during manufacture. 


T-Lock Amer-Plate meets all the requirements of the ideal sewer lining: 
T-Lock is extremely dense and impervious. Permanently protects concrete from chemical effluents 
and HS corrosion 
T-Lock is permanently flexible. Tensile strength minimum is 2200 psi; elongation at break 
is a minimum 200% 
It is mechanically bonded to the pipe. Pull tests result in the breakage of concrete before T-Lock fails. 
T-Lock withstands 40 psi back pressure, equal to a ground water head of 85 feet. 
T-Lock has a smooth, highly abrasion resistant surface ... maintains its N factor of .010 indefinitely. 


There are no other materials — paints or troweled-on mastics, mortars, sacrificial aggre- 
gates or admixes — which meet these vital requirements. 

Where protection is required, only T-Lock will do the job. Compromise methods are 
a gamble which experienced sewer designers will not take; they know it is money wasted 
to specify linings which will fail within a few years. 

Because T-Lock AMER-PLATE is the only completely satisfactory material on the 
market today, millions of square feet are now in use in cities throughout the nation. 


For a complete list of users and specifiers, 
plus technical data, write: 
CORPORATION Dept. SV, 4809 Firestone Bivd., South Gate, California 


921 Pitner Ave 360 Carnegie Ave 111 Colgate Ave 2404 Dennis St 6530 Supply Row 
Evanston, Ill Kenilworth, NJ Buffalo, N.Y Jacksonville, Fla Houston, Tex. 
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EveRDUR* copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EvVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EVERDUR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 


JOURNAL 


highly resistant to wear and abrasion 
in sewage and water works systems 


WPCF 


sealing strips. And don’t forget 
Everpbur Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Canada. 61-811 


EVERDUR*® 


a product of 


ANACONDA 


AMERICAN BRASS COMPANY 
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PERFORMANCE-PROVED 
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Trouble-free years of operation without replacement of major parts, 
with only routine maintenance, isn’t just a claim—C. H. Wheeler 
pumps are 40 years’ performance-proved on the job. (Pumps 
having higher capacities than those illustrated are available.) 


HORIZONTAL NON-CLOG PUMPS. 
Sewage disposal plants prefer 
these units for unscreened liquids, 
sewage. Non- npel 
bearings, renewable shoc 
sorber. Sizes: 3”—24” 

ties: 40-5000 gpm. H 


AXIAL AND MIXED FLOW PUMPS, 
in horizontal and vertical designs, 
for flood control, primary water 
supply, industrial process work, 
drainage, etc. High-capacity, low- 
to-medium heads. Standard or 
pull-out construction. Sizes:8”— 
72”. Capacities: 5000-220 000 
gpm and over. 


VERTICAL NON-CLOG PUMPS 
in Open-Shaft and Sentry types 
for dry pit installations. Many 
engineering advancements bring 
higher pump efficiency, lower 
maintenance costs. Service, per- 
formance data and sizes same as 
Horizontal Non-Clog Pumps. 


NON-CLOG SUMP PUMPS for 
heavy-duty drainage, underpass 
service and sewage disposal. Ideal 
for industrial and municipal lift 
stations. These pumps have en- 
closed, non-clog impellers with 
wide waterways. Sizes: 3”—14”, 
Capacities: 20-4000 gpm at heads 
to 160 ft 


VOLUTE PUMPS OF MIXED 
FLOW OR NON-CLOG DESIGN 
are ideal for many pumping appli- 
cations including: screened sew- 
age, for drainage, irrigation, flood 
control and industrial water sup- 
ply. Horizontal and vertical de- 
signs available. Sizes: 12”—48”. 
Capacities: 3000-100,000 gpm. 


C. H. WHEELER 
MFG. CO. 


19th & Lehigh Avenue 
Philadelphia 32, Pa. 


Affiliates: 
The GRISCOM-RUSSELL CO. 
KLIPFEL VALVES, INC. 


Centrifugal, Axial and Mixed 
Flow Pumps + Ejectors - 


THE C. H. WHEELER PUMP TESTING LABORATORY can 
test pump capacities of up to 150,000 gpm. Accurate scale 
models of water intake tunnel structures are built and tested in 
this laboratory. See your C. H. Wheeler representative or write 
direct to C. H. Wheeler for help with your problems. 


Steam Condensers - 
Marine Auxiliary Machinery - 
Nuclear Components 
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See the Rim-Flo Model Unit in action at Booth Nos. 29 and 30 
at the Water Pollution Control Federation Show in Milwaukee. 


DOUBLE clarifier capacity 


That's the capacity-adding difference between 
the exclusive Rex Rim-Flo Clarifier and conven- 
tional circular center-feed tanks. In Rim-Flo, 
the flow is introduced into a feed channel 
around the enitre periphery of the tank. The 
feed channel is hydraulically sized to provide 
uniform velocity of flow and to prevent deposit- 
ing of solids in the channel bottom. The flow is 
then uniformly introduced into the tank through 
properly sized and spaced orifices in the chan- 
nel bottom...each orifice taking its proper 
share of the total flow. 

The influent entering the tank is distributed 
evenly between the outer tank wall and the baf- 
fle skirt. This area serves to reduce the effect 
of discharge through the ports so that the flow 
approaching the tank bottom is well diffused 
and at lowest possible velocity. 

Because of this thorough diffusion and low 


velocity, harmful eddy currents and short-cir- 
cuiting are practically eliminated. The flow 
moves gently throughout the entire tank cross 
section utilizing virtually the entire tank vol- 
ume. Flow is directed upward to the center of 
a central effluent trough. 

This proven principle will handle at least dou- 
ble the flow of a conventional tank...provide 
maximum efficiency. Why not get all the facts 
today. Write CHAIN Belt Company, 4606 W. 
Greenfield Ave., Milwaukee 1, Wis. 


CHAIN BELT COMPANY 
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Today's Clay Pipe is an all-new product—longer, stronger, 
better jointed. Robinson research has played an important 
part in creating the fastest-laying, longest-lasting, most leak- 


resistant Pipe ever introduced. And Robinson's 15 strategic ‘ : 
branches and yards get it to trenchside . on time. 

new LENGTHS. Extra g Robins Pipe eliminates hundreds of 2 
joints every mile of sewer t abor ts and installat 


N@GW STRENGTH. New Rot ay Pipe vacuum-formed for : 
extra density crushing-strength that stands up under - 
live loads 

new JOINTS 2 Wedge-Lock", Wedge-Lock* Type 
forming ASTM Designat 4 Type | and Type Ill; or . 
Ship-J t Rot ha all three of the tested-and-proved ; 
factory t 

new GUARANTEE” Now extended to 100 year your assurance & Bk 
that put ealth and pu noney will be well protected ‘ 


A complite produdl~ prow spigot! 

AKRON, OHIO ALBANY, N.Y. + BALTIMORE, MD. BOSTON, MASS a 
ROBINSON BUFFALO, N. Y. « CALDWELL TOWNSHIP, N. J. + CHICAGO, ILL. « EAST 

HARTFORD, CONN. + INDIANAPOLIS, IND. « NEW YORK, « PHILA 

CLAY DELPHIA (POTTSTOWN, PA.), PA. ROCHESTER, N.Y. SYRACUSE, N.Y 


TORONTO, ONTARIO, CANADA + YONKERS (WESTCHESTER CO.), N. Y 


R-161-48-B 
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OBJECTIVE PERFORMANCE 


... EFFICIENCY AND ECONOMY WITH 


NON-CLOG PUMPS 


For handling heavy liquids ... and solids in suspension. 
Ideal for public utility and industrial wastes. 


Capacities to 9000 GPM « Heads to 150 feet Solids 
size to 6 inches 


Easy Installation Large Passageways 


Easy Disassembly Many optional features 
ilabl 
Smooth— Quiet 
operation Uniquely balanced 
impellers 


¢ Hand cleanout provided 
in casings e Engine or combination 


drives available 
Detachable suction and 


packing covers e Deep packing boxes 


TYPE KCM VERTICAL—Utmost 
pact installation with flexible design... low suction, 


coupling drive. motor high 
above floor 


ENCLOSED 
NON-CLOG® 4 


OR 


MONO-VANE 
SINGLE 
PASSAGE 


TYPE KU VERTICAL—For flexible TYPE KS VERTICAL —For 
shoft drive misolignment proof heavy duty wet pit service. Com- 

elevated motor protection plete unit engineered to specific TYPE KGG HORIZONTAL—Rugged base mounted unit 
against pit flooding pit requirements. ... for use where suction conditions permit horizontal 
mounting. 


AURORA PUMP DiviSion 


WRITE TODAY 


FOR NEW 

COMPAN 
NON-CLOG THE NEW YORK AIR BRAKE CO “G) 
BULLETIN H9OLOUCKS + AURORA, ILLINOIS 


LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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“Out of sight—out of mind” can be a mighty expensive philosophy 
in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 
eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 
Since there’s never a charge or obligation to inspect your 
mains, call National now! 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street New York, N.Y. 
EASTERN SALES REPRESENTATIVE FOR PIPE LININGS, INC. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Ill.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bldg., Minneapolis 1, Minn.; 510 Standard Oil Bldg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois: 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rico; Bolivar 441-A, Marafi., Lima, Peru; 
Radhusgaten 30, Oslo, Norway 
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Inertol PAINTS PROTECT & BEAUTIFY 


MOBILE'S McDUFFIE ISLAND SEWAGE PLANT 


Main floor, blower building. Equipment painted with high-gloss Glamortex Enamel for —_ -lasting 
protection, beauty and easy cleaning is admired by Supervisor A. B. Dueitt, 


hi west pride of Mobile, Alabama, is the 
ently completed McDuffie Island Sew- 
me Treatment Plant. 

In designing it, the choice of paints 
was of primary importance due to ab- 
normal operating conditions. (Some por- 
tions of the plant, which is located near 
Mobile Bay, are below mean sea level and 
subject to excessive dampness and heavy 
condensation.) After careful study, Ewin 
Engineering Corporation, consulting and 
design engineers, specified Inertol protec- 
tive-decorative coatings for the job. 

In addition to the use of mar-resistant 
Glamortex® Enamel (see caption), 
Ramuc® Utility Enamel was used on walls 
and ceilings, Rustarmor® on digester cov- 
ers, and many other Inertol coatings were 
used throughout the plant to protect it 


and bring out its best features. 

Year after year, consulting engineers, 
municipal authorities and maintenance 
men specify Inertol specialized protective- 
decorative coatings. A paint best suited to 


your problem can be selected from Inertol 


Company's complete line. 

Buy Inertol paints direct from the man- 
ufacturer. Shipment within three days 
from our plant or from warehouse stocks 
in your area. Write for free, valuable 
Maintenance Painting Guide SI 586. 

A complete line of quality coatings for 
sewage, industrial wastes and water plants 
and swimming pools. 


<@> |NERTOL CO,, INC. 


482 Frelinghuysen Avenue, Newark 12, N.J. 
27-H South Park, San Francisco 7, California 
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The INCREDIBLE Torque-Flow pump! 
the pump they 
couldnt clog 


HIGH SAND-CONTENT SLUDGE 


In a new treatment plant enlargement, engi- 
neers selected the Wemco Torque-Flow 
Pump because of sludge containing large 
amounts of sand, the cause of high main- 
tenance requirements of existing centrifugal 


pumps. A test installation under varying —_s 
conditions showed capability to handle the Sa 
abrasive material without wear, cloggage. 
This plant now employs eight Torque-Flows 
for sludge handling and six for digester 


recirculatior 


fr 


mG Past, trouble-free experience with Torque- 
Two pairs of 4°x3" and 3°x3 A "217 TOH Flow Pumps, led a large southern city to 
WEMCO Torque-Flow Pump ries 111 (] Thin select the Torque-Flow to lift raw sewage 

ta | from a gravity wet-well to a gravity sewer at 2 


250 gallons per minute against a 217-foot total 


dynamic head. Results, since installation: no ‘ 
cloggage reported, despite lack of commi- 


y/ nuters or bar sc 


eens; no maintenance prob- 


KL : lems from two pairs of pumps installed 
in series 


WET-WELL ELIMINATED 
in Southern California, sanitation engineers, y 
To Force Main faced with the problem of sewage overflows, 
designed a lift station, with a Wemco Torque- 
Flow Pump providing the function of a wet- 
well. The Pump, rated at 700 GPM at 80’ 
TOH, handles overflow in the line. Exclusive 
liquid impeller eliminating wear rings and 
face plates, makes possible no-wear, no-clog 
operation, without vapor locking, regardless 
of reduced or intermittent feeds. Maintenance 


virtually eliminated 


Only Wemco's Torque-Flow Pump with continuous, open passage, liquid impeller could have done it! 


Write for mote detailed information on Torque Flow applications today 


2» a division of 
Western Machinery Company 
650 Fifth Street, San Francisco 7, California 
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“Hey, Hartley- 
what makes this white pipe 
the leader in its field?” 


Photo of Space Ship taken at Freedom 

Simple! Always being first with the best. You see, 
Transite®, the white sewer pipe, was the first asbes- 
tos-cement pipe ever used for sewer service in the 
U.S. And, over the past 30 years, Johns-Manville has 
continued to lead the way in sewer pipe improvements. 

Johns-Manville was the first to come out with long 
(10 & 13-ft.) lengths...to develop precision-machined 
joints, instead of molded ones...to make five strength 
classes for greater economy and flexibility in system 
design... to stencil each pipe with class and strength 
... to provide double flexibility at each joint ...to use 
high-pressure steam curing for maximum chemical 
stability. Add to all this the availability of pressure- 
sewer lines and J-M’s invaluable field instructor serv- 
ice, and it’s easy to see why Transite is the leader in 
its field. 

Despite the fact that others have tried to improve JOHNS-MANVILLE 
their products, Transite’s advantages are still second TRANSITE PIPE 
to none. To get the whole story, write Johns-Manville, cael 
30x 362, JW-7, New York 16, N. Y. In Canada: Port JM 
Credit, Ontario. Cable address: Johnmanvil. \ 
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PREFABRICATED TO SPEED CONSTRUCTION 


@ Ready for field installation! Parshall 
Flume Liners are prefabricated from 
“Chemstone E,” an asbestos cement ma- 
terial impregnated with a special as- 
phaltic compound under tremendous 
pressure. It will withstand shock, vibra- 
tion and is impervious to most acids, 
alkaline solutions and rapid temperature 
changes. More durable than a concrete 
channel. Although strong enough to 
Stand alone, it is generally used as a 


liner in concrete channels and serves as 
the inside form during the pour. 


Tolerances are held within plus or 
minus \,”.—well within the limits of ac- 
curacy for this type of metering. 


Flume liners with throats 3” to 12” 
are furnished on skids completely as- 
sembled for quick, easy installation. For 
throats 18” to 96” the liners are fur- 
nished in two sections. 


Write For FREE Literature and Specifications 


RATION EQUIPMENT CORPORATION 


275 HOLLENBECK STREET, ROCHESTER 21, N. Y. 
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NEW DOWPAC 
MEDIA TREAT 
SEWAGE AND 
WASTE FAST IN 
LITTLE SPACE 


... DIS. offers low-cost 


yilot plant to prove system for 


your waste conditions! 


Dowpac provides tremendous surface area in a small volume of 
space, it weighs little, and tower maintenance costs are negligible. 


Contoured plastic sheets of 
Dowpac”™ packing media interlock 
(above) to form a continuous, light- 
weight grid for low-cost treatment 
of water-borne wastes. Because of 
light weight and high operating 
efficiency, a waste treatment system 
using Dowpac requires much less 
land area for construction than 
other waste systems, while operat- 
ing at higher waste concentrations. 


Cost advantages — Economical first 
cost ... low maintenance and oper- 
ating costs . . . conserves expensive 
land. Operating advantages—large 
area for bacterial growth .. . effi- 
cient aeration . freedom from 
plugging. Total advantages—a 
D.1.S. waste treatment system using 
Dowpac costs you less to install and 
operate and treats more waste faster, 
at higher concentrations, than other 
kinds of systems. 


Pilot plants employing Dowpac can 


DOW INDUSTRIAL SERVICE 


be rented or purchased, and D.L.S. 
engineers will help customers develop 
the most effective use of Dowpac 
for their particular waste condi- 
tions. Dow Industrial Service works 
with industries of every kind, any- 
where in the U.S. Further, D.I.S. 
offers consulting laboratory service 
for water and waste treatment, 
backed by technical resources of THE 
DOW CHEMICAL COMPANY. For further 
information, write 
or call DOW INDUS- 


TRIAL SERVICE, 
20575 Center 
Ridge Road, FOR MAST 


Cleveland 16, O., 
Dept. JWPCF10. 
FREE BOOKLET on low-cost, 
high efficiency waste treatment 


using Dowpac. Send for a copy 
today. 


Dowpac ts a trademark 
for packing media— 
not pilot plants 


. Division of The Dow Chemical Company 
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from DORR- OLIVER | 


Valuable new information 
describing 


NEW EQUIPMENT 
FOR ACTIVATED 
SLUDGE TREATMENT 


Climaxing almost 10 years of research, Basic information is contained in the 

Dorr-Oliver® now presents fouradvanced 4 newly published bulletins shown above. 

developments in equipment for treat- The equipment described comprises: 

ment of sewage and industrial wastes by 1. THE D-O® AERATOR 

the activated sludge process 2. THE D-O INKA AERATION SYSTEM 
Thoroughly proven in full scale plant 3, THE D-O SPIROVORTEX® SYSTEM 

installations, they offer the consultant or 4, THE DORR® RSR CLARIFIER 

sanitary engineer new opportunities for For 

efficient sewage plant design and maxi- 

mum flexibility to meet a particular need. 


copies of these bulletins, write 
Dorr-Oliver Incorporated, Stamford, 
Connecticut. 


DORR-OLIVER 


ad WORLD-WIDE RESEARCH *¢ ENGINEERING * EQUIPMENT 
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RAPID COLIFORM ORGANISM 
DETERMINATION WITH C” 


Walter C. Hess 


The radioisotope test seeks to shorten 
the time required for coliform organ- 
ism determination to several hours. It 
does so by incorporating C' into an 
appropriate medium, inoculating in 
normal fashion, and detecting any gas 
evolved by its radioactivity rather than 
by waiting for visual evidence. 

Since the method was last reported 
(1), changes in apparatus and proce- 
The test may 
currently be described as follows: 


dure have been made. 


Method 
Apparatus 


The apparatus includes: 1-in. diam- 
eter membrane filter assembly (Figure 
1) and 1-in. diameter filters, 1-in. diam- 
eter paper absorbent pads, pipets, vae- 
uum pump, shaker, 1l-in. diameter by 
14-in. deep aluminum planchets with 
flat lip 1, in. wide (Figure 1), 35 mm 
by 50 mm cover glasses, hot plate or 
heat lamp, gas flow geiger counter, and 


sealer. 
Medium 


The medium consists of British MF 
MacConkey broth (2) plus C™ for- 
mate: 3-per cent lactose, 1l-per cent 
peptone, 1l-per cent bile salts, 0.5-per 
cent NaCl, 0.0012-per cent brom eresol 
purple with 0.002-per cent C'™ sodium 


Gilbert V. 
neering, 
ton, D. C.; Virginia L. Research 
Assistant, Department of Biology; and Walter 
C. Hess is Associate Dean, School of Medicine 
and Dentistry, Georgetown University, Wash- 
ington, 

The paper was presented at the Rudolfs 
Research Rutgers University, 
New Brunswick, N. J., June 19-21, 1961. 


Viee-President—Enqi- 
Washing- 


Le vin is 


Resources Research, Inc., 


Stauss is 


Conference at 


Gilbert V. Levin, Virginia L. Stauss, and 


formate (Sme,mM). Following prepa- 
ration, the medium may be sterilized 
by autoclaving for 15 min at 15 psi or 
by membrane filtration. The medium, 
in a flask plugged with cotton, is then 
placed on the shaker and shaken over- 
night in order to reduce by atmos- 
pheric small amounts of 
CO, generated in the sterile medium. 


exchange 


Procedure 


An aliquot of the water sample, or 
an appropriate dilution, filtered 
through a membrane filter using the 
one-inch filter and assembly in conven- 
tional fashion. The filter membrane is 
then placed in a sterile planchet which 
had been covered with a sterile cover 
Five-tenths ml of sterile medium 
are immediately dispensed into the 
planchet by bulb pipet (Figure 1), im- 
mersing the filter, and the cover glass is 
again seated over the planchet. The 
planchets and cover slips are arranged 
on a small flat board for easy carrying 
as a group (Figure 2). After several 
samples have been prepared in this 
fashion, over a span of not more than 
5 min, the group is placed in an in- 
cubator maintained at 44°C. Several 
sterile controls are also prepared as a 
check on sterility of the medium, and 
to measure the level of non-metabolic 
evolved. After incubating all 
samples for three and one-half hours, 
the planchets are removed from the in- 
cubator and placed near an equal num- 
ber of identical planchets, each contain- 
ing an absorbent pad held in position 
at the bottom of the planchet merely by 
the snugness of the fit. Each pad is 
then moistened with five drops of a 
settled, saturated solution of barium 


glass. 
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FIGURE 1.—Apparatus for radioisotope test. Labeled medium is 
added by bulb pipet to culture planchet containing membrane filter. The 
planchets, pads, and cover glasses are shown in various stages of assem- 
bly. The one-inch membrane filter apparatus is immediately behind the 
row of planchets. 


hydroxide delivered from a five-ml of each culture planchet (Figure 3 


volumetric pipet (Figure 3 One such The cover glass is quickly removed and 
planchet is inverted over the cover glass the planchet with the moistened pad 


as 


— 


FIGURE 2.—Group of six coliform organism tests on carrying board 
Three of the culture planchets have collection planchets positioned, but 
cover glasses have not yet been removed. Flask of labeled medium is 
displayed on carrying board for easy viewing. 
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FIGURE 3.—Placing of C''O. collection planchet. Solution of 
Ba(OH). is added to pad in collection planchet in rear. Collection 
planchet is being inverted over culture planchet in foreground. Flask 
contains saturated solution of Ba(OH).. 


placed over the culture planchet. The as barium carbonate. The paired 
two planchets thus form asingle volume planchets are then immediately re- 


and any C'O. evolved from the culture turned to the incubator for 30° min, 
planchet diffuses to the absorbent pad — providing a total incubation period of 
in the top planchet where it precipitates 4 hr. The planchets are then removed 


FIGURE 4.—Radioactivity counting equipment. Automatic gas flow 
counter is to left of scaler. 
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TABLE I.—Results of Four-Hour Radioisotope 
Test on E. Coli ATCC 8739 Using Nonfiltered 
Inocula and MF MacConkey Broth 


Inoculum 


No. Cells) \ (‘el 
12 a7 1.75 

28 265 9.40 

77 625 8.12 

83 S07 9.73 

85 t.60 
975 7,120 7.30 
1,170 5.540 1.73 
2,460 16,600 6.75 
9,820 70,600 7.19 
$1,600 211,000 5.08 

* Avg cpm/cell = 6.77. 


from the incubator and separated. The 
dried 
for several minutes on a hot plate or 
under a_ heat then 
counted for radioactivity, expressed in 


pads, still in the planchet, are 


lamp. They are 


counts per minute (cpm), in the 
Figure 4 
added 
ture planchet in preparation for dis 
The total test 


portion is 1.15 we and, while it Is pos- 


vas 
flow counter Several drops 
of disinfectant are to each eul- 


card, activity in each 


sible to dispose of the medium 


down the sink, rinse the planchets, and 


spent 
incinerate the pads, preference in this 


laboratory has been to package all 


wastes for shipment to a commercial 


disposer. 


Interpretation of Results 
Radioactivity in the pads at a level 
significantly above that of the sterile 
control pad is evidence of a positive 
The 
amount of activity evolved by the or- 
related to 


cells present. 


test for coliform organisms 


ganisms Is the number of 
The current phase of the 
define further the 
the test and the quantita- 


research seeks to 
specificity of 


tive aspects. 


Characteristics of Test 
The radioisotope test is remarkably 


sensitive. Inocula of only a few cells 


make themselves known in four to five 
When labeled formate was first 
Into 


hours. 


incorporated MacConkey broth, 
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used. 
MacConkes 


broth (3) 
MEF 


This proved to 


tube strength 
Later * the 
broth 


Was 
British 
Was used 
increase the sensitivity of the test sey 


fold 


Table L presents results obtained with 


eral 


this medium over a wide range of in- 
ocula taken from suspensions of EF. coli 
ATCC 8739. 
of 5 replicates with background and 
sterile 


Each value is an average 


Ex- 
cept for the fact that the mocula were 
applied by pipetting 0.1 ml rather than 
by filtering 
were 


control levels subtracted 


larger volumes, the tests 


performed as deseribed above. 
Cell counts were determined by nutri- 
ent agar pour plates. Here, as through- 
out this report, cpm cell are based on 
the inoculum, 
not on the cell population at the end 


of the test period. 


number of cells in the 
It is. of course, the 
that 
The data 
detected 12 


number of cells initially 
the test is designed to detect. 


present 


show that the test easily 


cells in 4 hr. This was the smallest 
inoculum applied in the series. The 
epm, cell for inocula ranging from 12 
to 41.600 cells showed random differ- 


Much of 


this variation might be due to sampling 


ences ranging up to two-fold. 


errors incurred in pipetting small vol- 
umes of relatively dilute suspensions. 
The average epm cell of 6.77 could be 
increased by increasing the specific ae- 
tivity of the C' formate. However, 
while some such increase may be feas- 
ible, it is desired to maintain the radio- 
activity associated with the test at a 
level low enough to preclude special 
handling precautions. 

While the sensitivity data indicate a 
significant potential for the test, a 
number of important problems remain 
to be solved. Replieates run simulta- 
neously seldom produce results whose 
How- 


ever, tests performed with suspensions 


spread exceeds a factor of two. 


prepared at different times can produce 


At the suggestion of Dr. E. Windle 
Taylor, Director of Water Examination of 
the Metropolitan Water Board of London, 


England. 
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more widely ranging results, on ocea- 


sion approaching an order of magni- 
tude. Moreover, some strains of coli- 
form organisms produce differing epm, 
cell. The full extent of these differ- 
ences and the importance of the strains 
producing them known. 
The specificity of the test has not yet 
is known that 
at least Pseudomonas and Alcaligenes 

Recently, this 
much reduced 
and, as can be seen from data herein, 
in the order of 1,000 cells of these spe- 


are not yet 
been established and it 


interfere to some extent. 


interference has been 


cles are required to equal the response 
one cell of FE. coli ATCC 8739. 
Finally, a problem exists relating to the 
use of the membrane filter to concen- 
trate the inoculation. 
Because of the importance of the mem- 
brane filter te the development and 
ultimate use of the radioisotope test, 


from 


organisius§ for 


this has been studied in some detail. 
For reasons which will be discussed 
presently, it is believed that some of 
difficulties 
currently 


these also Operate against 
accepted standard coliform 


determination procedures. 


Calibrations 


need in the current 
phase of the research is the lack of an 


A frustrating 


absolute coliform organism determina- 
tion method against which to calibrate 
In order to es- 
between the 
collected and the 
number of organisms initially present 


the radioisotope test. 
tablish the 
quantity of 


relationship 
CHO. 


in the sample, that number must be 
known accurately. The great sensitiv- 
ity of the radioisotope method makes it 
imperative to calibrate the test against 
a highly accurate cell count. 

With pure cultures, this seems to of- 
fer little difficulty when the pour plate 
technique is used. Tlowever, the aetual 


calibration must be carried in 
mixed cultures of random composition 
li then 


determine the 


encountered in surface waters, 
becomes necessary 


of coliform organisms present 


in the unknown sample in order to 
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check the specificity and quantitative 
aspects of the radioisotope test. 

Thought was at first given to use of 
the Standard Methods MPN test (4). 
However, the statistical errors inherent 
in the method, as cited by MeCarthy 
et al. (5), are too great to permit using 
the MPN test as a standard. 

Use of the membrane filter technique 
seemed the most plausible way to ob- 
tain the information needed. When an 
aliquot of the sample was filtered for 
the radioisotope test, another portion 
could be analyzed by the membrane 
filter The results of the mem- 
brane filter test would become available 
the following day and the number of 
coliform organisms that had been pres- 
ent in the radioisotope test could be 
ascertained, 


test. 


There was additional logic in stand- 
ardizing against the filter 
In the early stages of developing 
the rapid test, the test medium 
inoculated by pipetting aliquots from 


membrane 
test. 


Was 


prepared suspensions of coliform or- 
the method 
progressed, it became desirable to test 
samples of water with relatively few 
coliform organisms. Portions taken di- 
rectly by pipet or other means from 
the water to be tested could not provide 
a representative sample. It thus  be- 
came necessary to concentrate the bae- 


vanisms. <As research on 


teria from such waters before inoeulat- 
The mem- 
brane filter seemed to provide a readily 


ing the radioactive medium. 


available means for collecting all or- 
vanisms present in a sample of suffi- 
cient volume to insure statistical reli- 
ability. 

The radioisotope procedure was mod- 
ified accordingly, and the water sample 
was filtered through a membrane filter 
which was placed directly in the eul- 
ture chamber and 
labeled) medium. 
inocula were put 


immersed in the 
Equal nonfiltered 
through the 
dure initially for comparison. Tt was 
immediately apparent that those cul 
tures which had been filtered invariably 
evolved much less COs on a per cell] 
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basis than did the cultures which had 


not been collected on the filter mem- 


brane 


Investigation of Membrane 
Filter Effect 
The followime set ot 


Was performed to 


experiments 
ate the differ 
nonfiltered 


Invest 


ence between filtered anda 


inocula in 


Filtered Inocula 


cultures of the st 
for 24 hr in 


SUSPeHSLON of the 


Pure 
cited 
nutrient 


below 
broth A 


nade and serial dilu 


were 


culture used) was 


10 


Evolved 


| 


October 196] 


tions prepared. ‘Ten-ml portions of the 


appropriate dilution, based on experi- 


ence, were filtered through 25-mm diam 


membrane filters using commercially 
filter this 


groups of SIX replicates each, 


available assemblies. In 
manner, 
accompanying 


Kive 


with sterile controls 
each test group, were prepared. 
each 


Mac- 


because this work began 


such groups were prepared for 


tube-streneth 


culture 
( onkey broth, 
before the use of MEF MacConkey broth 
was introduced, the radioisotope pro- 
cedure described earlier was then car 
ried out with the following exception 
At 1% hr, 1 of 6 


group tests and 


Inoculum 


Nontiitered 


Filtered Inoculum 


Each point is average of 
with back- 


sterile 


six replicates 
ground and control 


levels subtracted 


Incubation 


FIGURE 5.—Effect of membrane filter on F 


4 


Time (hr) 


coli ATCC 8739. CO. evolved as 


a function of time for filtered and nonfiltered equal inocula. 
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TEST 


Inoculum 


Nonfiltered 


Filtered Inoculum 


Each point is average of 
triplicate plate counts 


| 


2 


FIGURE 6.—Effect of membrane filter on E. coli ATCC 8739. 


3 


4 6 
Incubation Time (hr) 


Cell population 


as a function of time for filtered and nonfiltered equal inocula. 


the incu- 
Planchets containing the bar- 


controls were removed from 
bator. 
ium hydroxide moistened pads were 
culture planchet 


The 


to the ineu- 


inverted each 
the 


group 


over 


and cover glasses removed. 


was then returned 
bator. Total time out of the incubator 
for this operation was approximately 
two minutes. One-half hour later, 
after a total elapsed incubation period 
of two hours, this group was removed 
the The 


planchets were immediately separated 


from incubator. paired 


and the planchets containing the bar- 
ium hydroxide impregnated pads were 
dried on a hot plate. In this manner, 
the five equally inoculated groups were 
incubated for two, three, four, five, and 
six hours, respectively. In each ease, 
collection of the CO. was made dur- 
ing the terminal 
incubation. 

As soon as the paired planchets in 
each group were separated at the ter- 
mination of the incubation period, the 
planchets containing the filters and cul- 


one-half hour of 
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tures were placed into a single flask 
containing a measured volume of but- 
fered sterile water and shaken vigor 


ously. Triplicate nutrient agar pour 


plates were then made directly from 


the flask and from serial dilutions made 


from the suspension in the flask. These 

pour plates were incubated 24 hr and 

the bacterial colonies counted 
Nonfiltered Inocula 


The procedure was the same as that 


described for filtered inocula except for 


the method of inoculation. Inoculation 


was accomplished by pipetting 0.1 ml 
of the serial dilution 100-fold more con- 


(cpm) 


Evolved 
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centrated than that dilution used in the 
filtered runs. This provided equal 
inocula to the filtered and pipetted 
tests. The cell counts were determined 
by triplicate pour plates of serial dilu 
tions of the culture. 


Test Organisms 


Three test organisms were selected: 
E. coli, Pseudomonas sp., and Aleali- 
genes sp. E. coli ATCC 8739 was se- 
lected as a typical coliform. The Pseu- 
domonas sp. and Alcaligqe nes sp. were 
selected because they were isolated from 
cultures of Potomae River water and 
had seriously interfered with the spe- 


Nonfiltered inoculum 


o—@ Filtered Inoculum 
Each point is average of 
Sim replicates with bock= 
Ground and sterile control 
levels subtracted 


2 


incubation Time 


FIGURE 7.—Effect of membrane filter on Pseudomonas sp. 
function of time for filtered and nonfiltered equal inocula. 
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Incubation Time (hr) 


FIGURE 8.—Effect of membrane filter on Pseudomonas sp. 


Cell population as a 


function of time for filtered and nonfiltered equal inocula. 


cificity of the coliform test in earlier 
work. 


Results 


The results obtained are presented 
graphically in 5 through 10. 
Kieure 5 shows that the effect of the 
filters on E. was to reduce the 
amount of carbon dioxide evolved from 
the cultures. At 4 hr this amounted to 
almost a 10-fold effect and at 6 hr, the 
termination of the experiment, the dif- 


Figures 


coli 


ference between the amount of gas col 
lected from the filtered and nonfiltered 
cultures exceeded 30-fold. This curve 
is of great interest in that its exquisite- 


ness demonstrates the inherent preci- 
sion of the radioisotope technique in 
monitoring metabolic activity. Figure 
6 shows the effect of the filter on cell 
reproduction as a function of time. 
When the inoculum had not been fil- 
tered, the cells underwent a slight lag 
and then began reproducing. Before 
the elapse of two hours, the cultures 
were in exponential growth. The fil- 
tered cultures showed a high rate of 
mortality during this first two-hour pe- 
riod. The surviving organisms then be- 
van reproducing but did not achieve 
exponential until the third 
hour. When the curves beeame par- 


growth 
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allel. at the third hour, the difference nonfiltered cultures do not diverge with 


in cell numbers between the 2 types of time. It is also evident from both 
cultures was 30-fold. This 30-fold ef curves that the Pseudomonas sp. did 
fect was maintained throughout the re not respond as well in the test as did 
mainder of the 6-hr experiment the FE. coli, as would be expected from 


The sensitivity of the test for a given the selective characteristic of the me- 


incubation period may be determined — dium. 


here, and for the experiments which In the cease of the Alealigenes sp., 
follow, by dividing the epm at the time Figures 9 and 10, it is again apparent 
of interest by the zero time cell count that the selective nature of the medium 

The curves with Pseudomonas inhibits both the filtered and nonfil- 
sp. are somewhat different as seen in tered cultures. Nonetheless, a marked 
Figure 7. The initial loss of cells, Fig difference in response is evident be 
ure 8, and consequent loss in C™O. tween the filtered and nonfiltered cul 


evolved is similar to that obtained with — tures. 
the coliform organisms, but the curves This evidence that the membrane fil 


produced by the filtered cultures and ter had an inhibitory or even toxic ef 
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iltered Inoculum 

Each point is Gverage of 
Sim replicates with back— 
round ond 
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FIGURE 9.—Effect of membrane filter on Alcaligenes sp. C''O. evolved as a 
function of time for filtered and nonfiltered equal inocula. 
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Nonfiltered 


Inoculum 


Filter ed 
Each point is 
triplicate plate 


Inoculum 
average of 
counts 
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FIGURE 10.—Effect of membrane filter on Alcaligenes sp. 


4 


Time (hr) 


Cell population as a 


function of time for filtered and nonfiltered equal inocula. 


fect on bacteria constituted an unfor- 
seen and unwelcome obstacle to the de- 
test. 
Furthermore, the results were difficult 
to reconcile with the published litera- 


ture on 


velopment of the radioisotope 


the membrane filter. Experi- 
mental work was continued in this vein. 
At the time the literature 
watched for evidence of a 
filter effect. 

Wolochow (6) provided the first sup- 
porting evidence in his aecount of er- 


sale 


Was 
membrane 


ratic results obtained with various or- 
vanisms in membrane filter determina- 
tions. He investigated several possible 
variables, none of which pinpointed the 
cause, but he felt the difficulty was due 
to both the media and the filter mem- 
MeCarthy ef al 
out that some bacteriologists believe the 


branes D) pointed 
MF technique gives false positives and 
inhibits the growth of certain members 
While these in- 


vestigators clearly established the sta- 


of the coliform group. 


tistical problems in the MPN test, they 
did not report on the bacteriological 
reliability of the ME test. 
(7) reported differences, approaching 
10-fold, between the MEF and MPN on 
replicate coliform determinations with 
The differences 
tended to increase with increasing cell 


Henderson 


low ninbers of cells. 
population. Tle reduced the discrep- 
aney on the basis of statistical error in 
the MPN test, but even then the results 
remained several fold higher than the 


MEF results, and the trend for wider 


discrepancy with increased cell popula- 
tion 


however, 
compared replicate MEF and total plate 
counts of coliform organisms and found 
that 
the MIF is accurate on the basis of the 
correlation found with the pour plate 
technique. 


remained. Henderson, 


eood agreement. Tle coneluded 


Similar comparison was attempted in 
this work without success in duplicat- 


ine agreement between the two meth- 
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ods. Using M-enrichment broth fol 
lowed by brilliant green fuchsin broth 
in some instances and the one-step m 
endo broth MEF in others, standard 
(3) ME determinations were made us- 
ine coli ATCC 8739. The results 
were compared with nutrient agar pour 
A total of 118 


MF determinations were made with 


plate determinations 
inocula ranging from 22 to 565 cells, as 
determined by replicate pour plates. 
Agreement between averages of repli- 
cates of test groups fell within 20 per 
cent, based on the pour plates, in only 
6 of the groups, comprising 35 of the 
113 MF determinations. The differ 
ences for the other groups ranged up 
to 15-fold in 2 instances and were sey 
eral fold in others. For only 2 groups, 
both being of those groups agreeing 
within 20 per cent W ith the correspond 
ing pour plates, did the average MF 
count exceed the avera 
count. 

Recently Malaney a reported 


ve pour plate 


large discrepancies between ME and 
MPN coliform determinations when the 
confidence jimits of the MPN were 
based on the Poisson distribution to 
correct for the statistical error inherent 
in the MPN test using five tubes in 
each of three dilutions. In the study 
reported, the mean MPN result ex 
ceeded the MEF mean by at least six 
fold. Moreover, by the §5-per cent 
confidence limits established, agreement 
between the two methods oceurred in 
less than one-third of the cases. Find 
ing the number of false positives in the 
MPN confirmed test to be ereater than 
expected, Malaney et al S compared 
the MPN confirmed test, the Standard 
Methods completed test, and the MF, 
The MF results were found to be 
roughly four times as high as those of 
the completed test, and the MPN re 
sults approximately nine-fold greater 
than those of the completed test They 
believe the Standard Methods completed 
test to be the most accurate of the three 

In an attempt to determine the bae 
tericidal factor associated with the 
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membrane filter, filters were placed in 
nutrient broth and heated in order to 
extract any toxic material that might 
be present in the filter. When the fil- 
ters were removed and the broth used, 
coliform organisms vrew as well as in 
freshly prepared broth. 


Possible Rupture of Cells 


One obvious possibility that might 
account for the loss of cells in the fil- 
tered cultures is mechanical rupture of 
the cells as they are impacted against 
the membrane pores during filtration 

To investigate this, the following ex- 
periment was performed : 


A manometer and an air by-pass 
valve were placed into the train of the 
membrane filter apparatus in such man- 
ner that the vacuum applied could be 
measured and controlled. suspen- 
sion of EF. coli ATCC 8739 was pre 
pared and served as the inoculum pool. 
Kiltrations of 10-ml portions were 
made in sextuplicate under vacuums of 


», 10, 20, and 29 in. of mercury. 


Pipe tted Inoecula 


A 0.1-ml portion of a 100-fold less 
diluted suspension of the same eulture 
preparation from which the inocula for 
filtration were prepared was pipetted 
into each of six culture planchets. 
Sterile membrane filters were merely 
placed into 6 other planchets and O.1-ml 
portions of the coliform organism sus 
pension were placed on top of the mem- 
branes by pipet. 

Tagged MF MacConkey medium was 
immediately added to all culture 
planchets which were then incubated 
for four hours at 44°C. The cover 
slips were removed and collection of 
the evolved gas occurred during the 
last 30 min of the incubation period. 
Triplicate sterile controls were run in 
the presence and absence of the filter 
membrane The inoeula were deter 
mined by triplicate plate counts 


by. 

7 

| 

; 
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Effect on E. Coli ATCC 8739 of Culturing After Impaction on 


Membrane Filter vs. Mere Proximity to Membrane Filter 


Item Pipetted Inocula 


filter + filter 


11,100 
13,800 
11,600 
11,600 
12,800 
14,600 


6,110 
4,020 
3,470 
3,330 
1,800 
3,870 


Avg 12,600 4,600 


No. cells in inoe. 2.800 2,800 


epm /cell 1.50 1.64 


Results 


Table Il presents the results of the 
experiment. It is shown that the mere 
presence of the filter in the culture re- 
duced the amount of gas evolved by 
approximately three-fold. The effect 
of the filters on the cultures which had 
been impacted against them was much 
more drastic and constituted an aver- 
age reduction in gas evolved of approx- 
imately 10-fold. There 


Was no rela- 


tionship between degree of vacuum ap- 


plied and gas production, with a vac- 
uum of only 5 in. of mereury having 
essentially the same effect as one of 
29 in. The sterile controls are of in- 
terest here in that the same amount of 
nonmetabolie was evolved from 
the medium when the filter was present 
as When it was not. This demonstrates 
that the reduction in gas evolved from 
the cultures is not due to adsorption 
and retention of the gas on the filter 
surface. 

These data, in conjunction with the 
cell survival data cited, leave no doubt 
that the suffer a effect 
from the presence of the filter mem- 
brane. The cell mortality observed is 
First, 
damage to cells is incurred when sus- 
impacted on filter 


bacteria real 


caused by at least two factors. 


pended cells are 


2,040 


0.27 


Counts Per Minute 


Filtered Inocula 
Sterile Controls 
Vacuum (in. Hg) 


10 20 ~ filter + filter 


960 648 HS 44 50 
625 604 5Y 60 
731 42 39 
.050 671 
590 980 


715 875 
820 750 


2,040 2,040 2,040 


0.40 0.37 0.31 


membranes, This damage may result 
from simple mechanical rupture of the 
cell wall. 


presence of 


Second, however, the mere 
the membrane in close 
proximity to or in contact with the cell 
exerts a pronounced effect. This effect 
is more difficult to explain. 

It was conceivable that the cell sur- 
vival data were open to question on the 
grounds that those unaccounted 
for did not die, but adhered to the filter 
and did not come off during resuspen- 
sion. If so, they would not have been 
counted when the resuspended culture 
was plated. Wolochow (6) has reported 
on this difficulty in resuspending cells 
impacted on the membrane filter. How- 
ever, it is extremely unlikely that a 
a sufficiently high percentage of new 
generations of cells would stick to the 
membrane to produce the results ob- 
in the later hours of the test 
Nonetheless, the possibility that 
cells not impacted on the filter mem- 
brane, such as new cells generated from 
those initially collected by the filter, 
might be strongly attracted to the filter 
membrane was investigated. One milli- 
liter of a 10° dilution of a 24-hr nu- 
trient broth culture of E. coli ATCC 
8739 was pipetted onto 47-mm sterile 
filter membranes placed in sterile petri 


cells 


tained 
runs. 


614 
1 
498 
« 
4 387 
597 860 - 
545 625 is 50 
| 
\ 
: 
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TABLE III.—Numbers of Unimpacted E. Colt 
ATCC 873° Adhering to Membrane Filter 


dishes. After standing several min 
utes, the filter membranes were re- 
moved and incubated in m-endo broth 
MF according to the standard MF pro 
cedure. Nutrient agar was poured into 
these petri dishes and into ones that 
contained no filter but had received 
0.2 ml of the same suspension. The re 
sults are presented in Table IIT. Only 
about three per cent of the cells ad 
hered to the filter membranes This 
was additional evidence that the dif 
ferences in cell populations reported 
for filtered and pipetted tests were not 
due to the incomplete removal of cells 
from the filter membrane The prob 
ability that the differences were due to 
inhibitory or toxic effects of the filter 


membrane was therefore stre nethened 


Filter Brands 


To determine whether the filter mem 
brane effect might be due to a char 
acteristic of the S and S brand filter 


being used, the available commercial 


brands were compared. Replicate test 
ing was performed with S and 8, Milli 
pore, Oxoid, and Gelman Type 2TA 
filter membranes. No appreciable dif- 


ferences were found between the effects 
of the first three brands. The (Gelman 


WPCE tober 1961 


Type 27A filter, however, exhibited a 


less pronounced adverse effect 


much 
Typical results for a test of six repli- 
cates each with equal inocula of F£. coli 
ATCC S739 showed an average of 650 
cpm for the S and S filters versus an 


average of 1.800 ¢pm for the Gelman 
Type 27A filters. Because of this dif 
ference, an extended test, similar to 
those reported in Figures 5 through 10, 
was made with this strain of EF. coli to 
compare results obtained with pipetted 
and Gelman-filtered inocula. The data 
are presented in Figures 11 and 12. 
Correlation is seen to be much better 
than with the tests made with other fil- 
ters. The filter effeet was reduced to ap 
proximately two-fold for epm evolved 
Agreement between cell numbers ob- 
tained with and without filters im 
proved similarly This encouraging 
and important difference in membranes 


warrants further investigation. 


Discussion 

The observations reported herein are 
at variance with numerous initial re- 
ports on the membrane filter method 
for coliform determination. The salient 
difference between this work and the 
standard method for coliform determi 
nation by the membrane filter is that 
here MaceConkey broth was used and 
incubated at 44°C in accordance with 
the MacConkey method, while the stand 
ard ME method uses other lactose-base 
media with meubation at 35°C For 
the purpose reported, the standard MF 
media will not do in that their specificity 
relies on color rather than gas produe- 
tion It may be, therefore, that with 
the recommended ME media, cell sur- 
vival and reproduction would have been 
creater than that reported herein. How- 
ever, In a comparison between the 
standard MF test and pour plates, the 
data obtained did not so. indieate 
Furthermore, a logical explanation for 
the fact that the filter membrane would 
be inhibitory or toxie in one medium 
and not in another seems diffieult to 
formulate It has not been learned 
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why the cells responded differently in 
the presence of the filter 
than 


membrane 
in its absence. 


Future Plans 

By utilizing the Gelman Type 27A 
filter and perhaps extending the length 
of the test another hour to compensate 
for this filter effect, it is 
planned shortly to begin testing 


minimized 
raw 
The re- 


sults will be compared to those obtained 


and finished water samples. 


from the same samples by the standard 
MF test. For the and 
the cautions expressed by the preseribed 
Standard Method (4) MF test for coli- 
form organisms, this comparison will 


reasons cited 


E 
a 


Evolved 


14 
O2 
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not be made without hesitation. Tlow- 
ever, no more precise method for mak- 
ing the comparison is available. 

It is encouraging that other inves- 
tigators are now working on the radio- 
isotope test. Among the 
conducting research on the method are 
those of the Illinois State Health De- 
partment (9), the Metropolitan Water 
Board of London, and The Liverpool 
College of Technology, and L. Lyons 
and Company, Ltd., of London (10). 
Further work based on the method is 
being done in the Department of Micro- 
biology of the Georgetown University, 
School of Medicine and Dentistry (11) 
in an attempt to develop a rapid test 


laboratories 


&—@ Nontfiltered 


Inoculum 


Filtered inoculum 

Each point is average of 
sin replicates with back— 
ground and sterile control 


levels subtracted 


Incubation 


Time (hr) 


FIGURE 11.—Effect of Gelman Type 27A membrane filter on E. coli ATCC 8739. 
C''O. evolved as a function of time for filtered and nonfiltered equal inocula. 
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of Cells 


No. 


a—SNonfiltered inoculum 


o—O Filtered Inoculum 
Each point aGverage of 


triplicate plate Counts 


| | | 


4 5 


nm 


Incubation Time (hr 


FIGURE 12.—Effect of Gelman Type 27A membrane filter on E. coli ATCC 8739. 
Cell population as a function of time for filtered and nonfiltered equal inocula. - 
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Water Pollution Research to be held in London in September 1962. 
The travel committee has learned 
transportation can be handled as late as October 23. This is an extension 
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possible attendee please complete the questionnaire and mail or direct 
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IN PRACTICE 


THE ANAEROBIC CONTACT PROCESS 


Findines of and 


scale studies of 


laboratory 
the 


pilot- 
anaerobic contact 


process indicate excellent removal of 
suspended solids and substantial re- 
moval of BOD by 
through a blanket of anaerobic sludge 
(3) (3 

The tank volume required is similar 
to the standard Imhoff and the 
efficiency of BOD and suspended solids 
With 
thought 
desirable to modify the design of a pro- 


passing the sewage 


tank 


removal is substantially higher. 


these factors in mind it was 
posed Imhoff tank for a subdivision in 
the Peoria area in such a manner that 
a full-scale 


experiment could be carried out 


anaerobic contact process 


Design Data 


The total area of the subdivision trib- 
utary to the treatment plant is approx- 
imately 320 acres, and it is estimated 
that the ultimate 
have 900 homes 


will 
Approximately half 
of these are being served at the present 
time. 


development 


The houses average 3.63 persons and 
than half of the 
equipped with garbage grinders 

The treatment plant design is for 350 


less homes are 


homes and consists of an anaerobic eon- 
tact tank, tank, 
trickling filter, and a small oxidation 
pond. The effluent 
which 
the summer months. 


followed by a closing 
is discharged to a 


creek is relatively during 
Recirculation be- 


tween the influent end of the oxidation 


dry 


Edwin B. 
Kraus is 
District, Peoria, JU. 

This paper was pre An 
nual Meeting of the 


Fall, Jr., is Che 


Vanaqg yf 


mist and L. S. 


Sanitary 


on Control 
Federation n [ : , Oct. 2-6, 


1960, 


Edwin B. Fall, Jr., and L. S. Kraus 


pond and the dosing tank was estab- 
lished during the 
of 1959. 


Table I. 


spring and summer 


Design factors are given in 


Cost of Treatment Plant 


The subdivider of the area served by 
the treatment plant is not only a land 
organization is such that the treatment 
plant 
activities. 


developer but also a home builder. 


construction fits well into” his 


The the 
plant includes all direct expenditures, 


cost of treatment 
but does not include supervision, over- 
head, and profit normal to construction 
contracts. Unit costs are given in Ta- 
ble LI. 
This cost for the design basis of 350 
homes is equivalent to about $75 per 
On the 


during the summer of 


basis of connected load 
1959 the cost is 
approximately $60 per home. 


home. 


Objectives 


It appeared from previous studies 
that it was possible to attain an S80-per 
cent removal of suspended solids and 
a 60-per cent removal of BOD. It fur 
ther appeared that the rate of sludge 
that 


These results 


formation was low and little gas 
or scum was produced. 
better than normally pro- 
duced by an Imhoff tank. The test 
data indicated that the removal of BOD 


was higher than that which could result 


are those 


from the gravity removal of suspended 
This could be ex 
plained by biological action within the 
anaerobic sludge blanket. 


solids. removal 
The objectives of this study are: 


1. What degree of treatment can be 
attained by the anaerobic contact proc- 


nen 
¢ 
Ket. 
: 
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TABLE I.— Design Factors TABLE II.— Unit Costs 
Raw Se wage Ite Cost 
Average sewage flow Anaerobic contact tank $ 8,885 


(gpd house) 250 
Number of houses 0 
Anaerobic Contact Tank 
Displacement period 
hr) 26.3 @ 0.087 med 


Trickling Filter 


Ib day 1,000 
cu ft) at Imhoff tank 


Loading 


efficiency 15 
Oxidation Pond 
Area (acre) 0.37 
Displacement period 
day) 5.4 @ 0.087 mgd 


ess as applied in the tank built in this 
subdivision ? 

2. What is the rate of sludge build- 
up, and the useful slidge storage ca- 
pacity of the tank? 

3. How is the tank efficiency affected 
by the depth of sludge? 
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TOP VIEW 


Dosing tank and trickling filter 
Grading of site and oxidation pond 
Lingineering 


12.961 
2.934 


1,240 


Total $26,020 
4. What is the quality and quantity 
of sludge formed and the magnitude of 
the sludge disposal problem ? 
». Is seum accumulation a problem? 
6. What is the limiting rate of flow 
through the tank? 
7. What the 
changes in temperature | 
8. How much attention is needed to 
keep the tank in satisfactory opera- 
tion? 


effect 


) 


is of seasonal 


The Anaerobic Contact Tank 


The anaerobie contact tank was built 
as shown in Figure 1. The conerete 
structure is the same as that designed 


for an Imhoff tank to serve the sub- 
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FIGURE 1.—Anaerobic contact tank. 
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TABLE III.—Variation of BOD of 
Contact Tank Effluent 


Date lime BOD 

9-25-58 I2N 170 
2PM 205 

1PM 195 

6 PM LSO 

S PM 200 

12M 205 

9-26-58 2 AM 205 
AM 205 

6 AM 200 

SAM 190 

Average 194 


division. This differs from the pilot 
plant that had a conical tank with the 
sewage influent placed at the apex of 
the inverted cone and the effluent with- 
drawn at a point on the circular pe- 
riphery of the base. These conditions 
could not be obtained in the rectan- 
gular tank used, but eight downcomers 
were spaced along both longitudinal 
walls with a velocity of 0.30 fps at 
design flow and the effluent was col 
lected in a central longitudinal trough. 
Provisions were made for holding seum 
accumulations with baffles supported 
by the effluent trough. 

All of the influent and effluent de- 
vices were constructed of untreated 
wood with galvanized nailing and were 
hung from the tank cover. The use of 
untreated wood under water was con- 
sidered satisfactory for substantial life 
as experience with wood submerged in 
primary settling tanks for over 20 
years indicates that only occasional re- 
nailing is required. 


Sampling and Analyses 


Raw sewage samples were collected 
by an automatic sampler, proportion- 
ate to flow and kept under refrigera- 
tion during the sampling period. The 
samples were picked up at the treat- 
ment plant three times each week and 
flow measurement readings were taken 
at the pumping station on the same 
days. 

All other samples were grab samples 
taken one each two or three day period. 
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A study of the variations in concentra- 
tion shown in Table ILL indicates that 
these grab samples present an accurate 
picture of the operation 

Analytical data that were deter 
mined on the samples of influent and 
effluent from various points in the 
plant are biochemical oxygen demand, 
chemieal oxygen demand, suspended 
solids, volatile suspended solids, pH, 
and occasional analyses for coliform 
and sulfides were made. 

The sludge samples were taken from 
six locations longitudinally spaced at 
eenter points between the downecomers 
and transversely spaced midway be- 
tween the influent and effluent conduit. 
Sludge samples were collected from 
varying depths and analyzed for total 
solids, volatile total solids, pH, and 
volatile acids. 


Subdivision Sewage Treatment 
Problem 


An unanticipated problem presented 
itself early in the study. In some 
cases, sewers in outlying subdivisions 
are not as carefully inspected as those 
Within municipalities and the manner 
in which house connections are con- 
structed is not always subject to the 
control and regulation of local munie 
ipalities. It was observed that excava- 
tions for new homes are frequently 
drained into the sewer system, and 
with each rain, substantial quantities 
of clay are washed into the sewers. 

Since the development of such a sub- 
division extends over several years, 
this frequent washing of clay into the 
sewage treatment works materially af- 
fects the character of the sludge ae- 
cumulated; thus, while in normal sew- 
age treatment operation, sludges in the 
order of five to ten per cent total solids 
concentration are obtained, the sludges 
observed in this study vary between 
ten and thirty per cent total solids. 
This may be one of the important dif- 
ferences between the laboratory studies 
and the operation as carried out in the 
subdivision treatment plant. 
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Analysis of Data 


An inspection of the average data 
collected over the 20 month period 
(Figure 2) reveals two broad char- 
acteristics of the plant. 


months the 
functioned 
best and the trickling filter-pond com- 
bination operated at a lower efficiency. 

2. During the summer the anaerobic 
contact tank functioned at a low BOD 
efficiency and the trickling filter-pond 
combination operated at a higher effi- 


1. During the winter 


anaerobic contact process 


The plant produced an effluent that 
had satisfactory oxygen conditions and 
did not upset the branch of Big Hol- 
low Creek into which it was discharged 
even during the dry summer of 1959 
when there was no rain-water dilution. 
The creek showed no indication of de- 


composing sludge or algae. 


Process Efficiency 
The arithmetic means of the opera- 
results during the test are 34 
per cent BOD removal and 77 per cent 
The 
pended solids removal is as anticipated 
from pilot-plant studies and substan- 


tional 


suspended solids removal. SuUuSs- 


100 
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tially higher than that usually de- 
pended on from an Imhoff tank. The 
per cent removal of suspended solids 
was relatively constant and not sea- 
sonal. 

The per cent removal of BOD was 
approximately the same as that ex- 
pected in Imhoff tank operation. This 
Was seasonal in this process and varied 
as an inverse function of the tempera- 
ture. During the period of 47°F to 
60°F tank temperatures the BOD re- 
moval averaged 42 per cent. During 
the summer when the tank tempera- 
tures were between 65°F and 71°F the 
average BOD removal was 14 per cent. 

The cause of the low efticieney of 
BOD removal during the summer was 
that the sludge was undergoing an acid 
fermentation and the organic acids 
produced were carried out with the 
effluent. 

For 10 months of operation the tank 
Was serving more than the design ca- 
pacity and the plant is now serving 36 
per cent above design capacity with no 
The 
retention period has been reduced to 
13.4 hr. 


Figure 3 


loss of suspended solids efficiency. 


shows the variation in 


monthly averages. Tank temperatures 
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FIGURE 3.—BOD and suspended solids removal, per cent. 


and sludge depths are given for com and temperature of the sludge in- 
parison with the fluctuating efficien- crease. The temperature of the sludu 
cies. It is apparent that the BOD re- was observed to be within 3°F of the 
moval is adversely affected as the depth — effluent temperature 
From the data presented in Table IV 
TABLE IV.—-Anaerobic Contact it is obvious that while the removal of 
Tank Averages suspended solids is quite good, addi 
tional treatment of the effluent is 
needed to avoid pollution of the re 
ceiving stream 
During this study no floating mate 
rial was removed from the tank sur- 
face, and at no time was a scum layer 
BOD (me in evidence. A small amount of gasifi 
COD (mg/! cation was observed 
SS (mg/! Thirteen samples of contact tank 


effluent were taken for sulfide deter 
minations. These averaged 0.4 me/I 
as H.S and varied between 0.0 and 
0.8 which was insufficient to cause an 
odor at the filter. The water supply 
contains 40 to GO me sulfates 

Ihe maximum rate of flow during 


the period reduced the monthly aver 
BOD (per ce 


COD « 


ave displacement time to 13.4 hr with 
out any loss in efficiency. The deten 


VSS (per cent tion time will continue to be redueed 
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vi No. ANAEROBIC CONTACT 
TABLE V.-— Sludge Analyses 
Sludge Potal Volatile Volatile 
Dept Solids lotal Solids pH Acids 
ft %) mg |) 
l 23.1 92.8 5.8 5,300 
2 347 29.3 6.1 2,900 
7.9 15.0 6.5 2.500 
6 18.0 14.8 6.6 2.500 
13.7 14.1 6.9 500 
until velocities are such as to mate- 
rially increase the effluent suspended 
solids. 
Sludge Data 
Table V represents sludge analyses 


with 12 ft of sludge in the 16 ft water 
depth tank. 
to accumulate to this depth to deter- 
mine what maximum operating level 
be with 
pended solids removal. It appears that 
a 10 ft depth should be the maximum 
sludge level. A similarly 
Imhoff tank would have a 
allowable sludge depth of 


The sludge was allowed 


would consistent wood sus- 


operating 
designed 
maximum 
about & ft. 
of Table IV a 
nontypical situation at the one- and 
two-ft but this condition has 
been repeatedly observed the 
sludge layer reached the six foot depth. 
The high solids concentration is partly 
due to the clay and silt washed into the 
plant. 

The of build-up was 
estimated for two periods : Mar. 6, 1958 
to Oct. 24, 1958, and Feb. 19, 1959 to 
Nov. 11, 1959. 
cumulation was 0.50 and 0.27 eu ft per 
capita per month, respectively. Dur- 
ing the period Jan. 20, 1959 to Nov. 11, 
1959, the dry solids accumulation in 
the sludge blanket amounted to 4.8 Ib 
per capita per month. 


Analyses present 
levels 


since 


rate sludge 


The rate of sludge ae- 


If the sludge depth is allowed to 
vary between 3 and 10 feet, the storage 
capacity in this tank would be 16.3 
months at design load of 1,270 people. 
It is apparent that the sludge-holding 


capacity of the tank is much greater 
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than that required by the design data. 

The acid fermentation in the sludge 
presented two problems: (1) volatile 
acids in the effluent and (2) pig-pen 
odor in the sludge. The first effect 
was to decrease BOD removal and at 
times produce a slight odor in the 
effluent. The second would result in 
an odor problem if the sludge was 
dried and applied untreated on open 
beds. Attempts made to stop the acid 
fermentation by liming, seeding with 
well-digested and removing 
most of the acid sludge and seeding 


sludge, 


with a large quantity of digested 
sludge, were unsuccessful. 

An analysis of the solids in the 
anaerobic contact tank for the 10 


month period is given in Table VI. 

It appears that a substantial quan- 
tity of sludge is decomposed. By co- 
incidence the volatile matter lost is 62.5 
per cent, a quantity commonly used in 
computations for the methane fermen- 
tation of fresh solids. 


Summary 


The anaerobic contact as 
evaluated by this study has the follow- 


ing characteristics : 


process 


1. The average suspended solids re- 
moval is 77 per cent. 

2. The 
per cent. 

3. The mean rate of sludge accum- 
ulation is about 0.4 cu ft per capita per 
month, and the effective storage depth 
is 10 ft in a 16-ft water-depth tank. 


average BOD removal is 34 


TABLE VI.—Solids Retained in Contact Tank 
Jan. 20, 1959 to Nov. 11, 1959 


| + | Volatile } 
| Total Total 
Item | Rolids 

Sludge in tank Nov. 11 103,300) 44,200 

Sludge in tank Jan. 20 30,500) 16,000 

Sludge accumulated 72,800 28,200 

SS removed 116,700 75,200 
Solids liquefied, dissolved, or 

gasified 13,900 47,000 


iz 
“5 
gan 
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TABLE VII.—tTrickling Filter Data 


Volume of filter in service (cu ft) 7,800 
BOD in influent (mg/!) 160 
BOD loading (1b/1,000 cu ft) 16.2 
Volumetric loading (mgd /acre) 3.6 
BOD in effluent (mg/!)* 114 
Coliform (MPN 2.8 10! 
Removal BOD (per cent) 28.8 
Removal of coliform (per cent) 28.2 


* Unsettled effluent 


4. The efficiency of BOD removal is 
adversely affected by the 
depth of sludge 


increasing 


5. The sludge formed has a disagree 


able odor which can be removed by 
liming. 

6. Scum is no problem 

7. The average retention period, con- 
sistent with good suspended solids re- 
moval, is below 13 hr. 

8. The BOD removal is adversely af 
fected by summer temperatures, but 
the suspended solids removal remains 
approximately constant 

9. Very little 


for operation. 


attention is required 


Advantages of Anaerobic Contact 
Process 


1. Better suspended solids removal 
in the anaerobic contact process, 77 per 
cent vs. Imhoff tanks, 60 per cent 

2. No 
contact tank 

3. No 


aerobic contact 


scum problem in anaerobic 


foaming problem in the an- 
process. 

4. Greater sludge storage capacity 
5). Greater sewage flow capacity 

6. Uniform distribution of sludge. 
7. Lower construction cost 


8. Less operating attention required, 
Disadvantage of Anaerobic Contact 
Process 


Sludge 
drying on open beds 


requires treatment before 


Trickling Filter Data 
The 


filter was disappointing 


performance of the trickling 


During the 
Feb. 1959, 


period Jan. 1958 through 
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the 
average loading was 16.2 lb 1,000 eu ft. 
This should resulted in a BOD 
removal in order of 80 cent 


When no recirculation was used, 
have 
the 
instead of the low percentage obtained. 

Reeyeling from the influent end of 
the oxidation 
Mar. 1959. During the period Sept. 
23 through Nov. 1, 1959, the BOD con- 


centration of the recycled liquid Was 


per 


pond was started in 


55 mg/l and that of the oxidation pond 
effluent was 57 me |. 


Oxidation Pond Data 


During the period Jan. 1958 through 
Feb. 1959, the oxidation pond removed 
of the BOD. The 


7 acres, with an aver 


a substantial part 
pond is small, 0.8 
age depth of 3.9 ft. 

The oxidation pond was used to elim- 
final 
sludge pump. It not only was cheaper 
but proved effective in stabilizing the 
effluent. 

The BOD loading on the pond was 
235 Ib/day/acre. The removal from 
an influent of 114 mg/l to an effluent 
of 53 mg/l was 53 per cent. 

During the study, 24,000 Ib of dry 
This 


was insufficient to produce an appre- 


inate a settline tank and waste 


SS were removed in the pond. 


ciable sludge layer in the pond. 
The the test period 
produced an oxidation pond effluent of 


treatment for 


93 mg/l BOD and 70 mg/l suspended 
solids. This represents an over-all re- 
moval of 78 per cent of the BOD and 
81 per cent of the suspended solids. 
Figure 2 the average BOD 
the study. The eoli- 
were substantially re 


indicates 
removal during 
form organisms 
duced in the pond with ten sets of data 


indicating a 94 per cent reduction, 


Summary 


l. The trickling filter did not 
form to expectations and resulted in 
lower BOD removal than anticipated 

2. The oxidation pond, though over 
BOD re 
that 


per 


loaded, effected a substantial 
moval and produced an_ effluent 


2 
5 
— 
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Was satisfactory for the conditions nor- and John J. Forneris, of the Illinois 
mal to Big Hollow Creek. Sanitary Water Board, and was under- 
taken with their cooperation. The 
study was assisted by the U. 8. Public 

This full-scale test was discussed Health Service under Public Law No. 
with C, W. Klassen, Richard 8. Nelle, 152. 
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bie Contact Process for Sewage Treat 


DISCUSSION 
James B. Coulter and M. B. Ettinger 


Early Investigations ment so that sewage in passing from 
one compartment to the next was 


As early as 1910, Winslow and, ; 
forced into the sludge zone. 


Phelps (1) were investigating what 
they called a ‘‘biolytic tank.”’ Sewage 
was fed into the bottom of an inverted 
conical tank flowed upward 


From their observations they con- 
cluded that the biolytic tank was un- 
satisfactory. A comparison of the 
work of Phelps with that of Winslow 
and Phelps indicates that perhaps the 
baffle arrangement, rather than the 
principle itself, was responsible for the 
failure. It is doubtful that the baffles 
forced all of the incoming sewage into 
contact with the accumulated sludge. 


through a blanket of digesting sludge. 

They found that the removal of sus- 

pended solids was as good as that ob- 

tained in a septic tank and that the 

liquefaction of deposited solids was dis- 
tinctly better. 


A few years later, Phelps (2) inves- 
tigated a modification of the biolytic 
tank. He constructed a septic tank 
with an over-and-under baffle arrange- 


In recent years Schroepfer et al. (3) 
have demonstrated a good removal of 
BOD and suspended solids with the 
anaerobic contact process. In_ their 

James B. Coulter is Chief, Water Projects work with domestic sewage as well as 
Section, Technical Services Branch Division 
of Water Supply and Pollution Control, Pub 


lic Health Service, Washington, D. C.: and 
Vv. B. Ettinger ix Chief, Chemistry and ¢iples as those observed in the conven- 


packing house and other industrial 
wastes, they utilized the same prin- 


Physics, Robert A. Taft Sanitary Engineering tional activated sludge process. 
Center, Cincinnati, Ohio. lhe first experiments with this prin- 

This discussion was presented al the Jord 
tnnual Meeting of the Water Pollution Con 7 
trol Federation in Philade Iphia, Pa., Oct. 2-6 Center were conducted on a bench-seale 


1960, model in the laboratory. Two units, a 


ciple at the Sanitary Engineering 
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TABLE I.—Comparative Loading and Per- 
formance of Anaerobic Contact Tanks 


LoADIN 
Volume raw sewage 02 800 
Displacement time 18 22 
tise rate (fpd 28 
Areal loading (gpd sq ft 205 
Velocity in down f 7 iT 
COD (lb ‘day) 
COD (lb day 1,000 f 
BOD (tb, day 320 
BOD (lb ‘day 1,000 cu f 2» 25 
Ss (lb, day) ) Oo 
SS (lb ‘day ‘1,000 ft 0 
») PERE 

temovals 

COD 2 i 

BOD 67 j 

SS 77 
Effluent quality 

COD 

BOD 


contact chamber similar to thi biolytic 
tank and an upflow rock filter were 
used, Highly satisfactory performance 


was observed both at room temperature 


and at 4°C in a constant temperature 
box. A large-scale pilot plant was con 
structed at Loveland, Ohio, as a result 
of these encouraging results. Because 
of the production of hydrogen sulfide 
in the up-flow rock filter the effluent 
was deemed unsuitable for disposal 
Without benefit of substantial dilution 
water but good removals of suspended 
solids and chemical oxygen demand 
were observed. Furthermore, the ma 
jor SS and COD removal was accom 
plished in the contaet chamber with 
the production of a negligible amount 
of hydrogen sulfide 

In discussions with the authors the 
possibilities for primary treatment 
were recognized and suggestions were 
made for substitution of the contact 
process for the lmbhoff tank unit of a 
plant under design for a subdivision in 
Peoria, Ill. The substitution was made 
and the plant had performed satisfae 
torily for 20 months. Loading and 


performance of the Peoria plant are 
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compared in Table with that ob- 
served at the Loveland pilot plant. 


Contact Tank 


Large amounts of silt and clay in the 
influent of the Peoria plant could have 
been responsible for the good removal 
of suspended solids. On occasion the 
soil particles undoubtedly added a 
readily separable fraction of suspended 
solids in the plant influent and = the 
weighting factor of these solids could 
have been beneficial in sedimentation 
of normal sewage organic solids, yet 
the removal of SS was also good during 
low silt conditions. At Loveland where 
little grit or mud entered the tank the 
pilot plant was highly efficient in the 
removal of suspended solids. These 
observations lead to the conelusions 
that the SEC anaerobic contact cham- 
ber is an excellent device for removing 
suspended solids 

A puzzling aspect of the pilot-plant 
test at Loveland was the high removal 
of BOD in the absence of methane pro- 
duction. Our present understanding 
is that under anaerobic conditions a 
significant BOD reduction must be ae- 
companied by the production of meth- 
ane gas. A more logical pattern of 
behavior was observed at Peoria where 
sludge was fermented with the produce 
tion of volatile acids which in turn pro- 
duced BOD in the effluent. The ef- 
fectiveness of the fermentation was 
demonstrated by a 62 per cent redue- 
tion in sludge volatile material without 
production of significant quantities of 
vas. This reduction is about the same 
as could be expected from methane 
fermentation of primary sludge in a 
digester. The high concentration of 
volatile acids in the sludge, and a low 
removal of BOD in relation to the re 
moval of suspended solids indicates 
that deposited matter was being lique 
fied and washed from the tank by the 
effluent. The conversion of suspended 
solids to dissolved solids in itself did 
not reduce the BOD sufficiently, but 


the dissolved solids were subsequently 
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ton 

3 

| 
= 
7th 
| 
3 
; 

2 
' 


Vol. 33, No. 10 


treated in the aerobic portion of the 
scheme. 

Constant and better elutriation of 
the lighter sludge at Loveland pre- 
vented a buildup of volatile acids such 
as that observed at Peoria. The ab- 
normal solids content of the sludge in 
the Peoria plant probably resulted in 
marginal elutriation. Without con- 
tinual washing of the sludge, volatile 
acids should accumulate and perform- 
ance might approach a pattern of sea- 
sonal behavior similar to that of a 
septic tank. In this respect, the trial 
at Peoria provided an extreme test. 
It is doubtful that a denser sludge will 
ever be formed. Thus, the quality of 
the effluent is representative of extreme 
conditions that may develop when the 
sludge is not continually washed. 

Normally the processes of sedimen- 
tation and sludge digestion are con- 
sidered to be incompatible. For in- 
stance, septic tank gasification causes 
solids to float, scum blankets to form, 
and occasionally the entire contents of 
a tank to ‘‘turn over.’’ The conflicting 
nature of the two processes led to the 
development of separate sedimentation 
and sludge digestion methods. These 
undesirable characteristies were not ob- 
served in the SEC anaerobic contact 
process. Suspended solids removal at 
Peoria was consistently good while 
sludge was accumulating at the rate of 
$8 cu ft per person per year. It is 
coneluded that 10 ft of sludge can be 
stored in a 16 ft deep tank without 
interfering with sedimentation. 

Even though the contaet process 
could be substituted for an Imhoff 
tank to provide primary treatment, the 
two devices operate on different prin- 
ciples. The Imhoff tank separates 
fresh sewage from digesting sludge 
while the contact process introduces 
fresh sewage directly into the sludge 
blanket. Retention time in the flow- 
through chamber of an Imhoff tank is 
kept low to prevent sewage from be 
coming anaerobic, but in the contact 


process liquid is retained as long as 
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possible and an anaerobic — effluent 
is deliberately produced. In Imhoff 
tanks, sludge solids are stabilized 
through anaerobic digestion with the 
production of methane gas while in the 
contact process the sludge is concen- 
trated and stabilized by liquefaction 
and elutriation, 


Pond and Filter 


Althongh the oxidation pond was 
intended for secondary settling with 
some incidental polishing of the filter 
effluent, it did a remarkable job of 
BOD removal. A pond could be ex- 
pected to treat 35 to 50 lb/day/acre 
of BOD yet it accepted 235 lb without 
producing nuisance conditions. It is 
hard to believe that aerobic conditions 
could be maintained winter and sum- 
mer for two years at that loading of 
anaerobic sewage. 

The performance of the trickling 
filter was especially disappointing in 
view of the fact that the filter and 
dosing tank accounted for approxi- 
mately 50 per cent of the total cost of 
the treatment plant. 

However, one should not lose sight 
of the fact that the trickling filter was 
a supplementary source of oxygen. 
Perhaps the oxidation pond would 
have gone anaerobic without the pre- 
conditioning of the anaerobic tank ef- 
fluent and the continual supply of oxy- 
gen provided by the trickling filter. 


Costs 


The Rolling Acres test plant was 
constructed at a cost per home less than 
that normally paid at housing sub- 
divisions. Assuming that 450 homes 
is a reasonable design load for this 
plant, the actual cost is approximately 
#60 per home. Allowing a generous 
markup of 50 per cent for the fees 
chargeable to supervision, profit, and 
overhead, the initial cost is still only 
$90 per home. First costs can be mis- 
leading unless allowances are made for 
land occupied or rendered undesirable 
by the plant and for the maintenance 
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and operating charges. <A plant simi- 
lar to that at Peoria could be con- 
structed on less than an acre of land. 
Actual operation of the plant is simple 
and maintenance is nominal; however, 
pumping and disposing of wet sludge 
is a significant expense. 

The treatment plant management 
contracted to have 5,600 cu ft of sludge 
pumped from the tank and trucked to 
a disposal point in the Greater Peoria 
sewerage system for $1,300, a unit cost 
of $0.23 per ecu ft. The rate of ae- 
eumulation is 0.4 cu ft per person per 
month, or with an average occupancy 
of 3.6 persons, the annual accumula- 
tion will be 17.3 cu ft per home. The 
cost of removing sludge once a vear is 
$3.98 per home 

The sewage treatment test plant at 
the Rolling Acres subdivision is an 
interim arrangement to serve until a 
trunk sewer is constructed The sewer 
is expected in five years, but allowing 
another five vears for unforeseen de- 
lays, the plant should be designed for 
ten years. Sludge removal will be a 
periodic cost during the ten-year pe- 
riod. If this recurring cost is put on a 
present value basis it can be added to 
the cost of the plant. The total cost 


of this scheme may then be compared 


with the cost of other arrangements for 
treating the sewage and disposing of 
the sludge. In this case where pay- 
ments are anticipated annually the 
present value of the cost of removine 
sludge is equal to the annual cost mul- 
tiplied by 7.36, the annuity factor for 
ten years at six per cent 

From this calculation the cost of re- 
moving sludge during the next ten 
Years is accounted for by adding $29 
per home to the first cost of the treat 
ment plant. Thus a capital improve- 
ment to the treatment plant at Rolling 
Acres to eliminate the necessity to haul 
sludge would be justified at a cost less 
than $29 per home Stated another 
way, the present value of the cost to 
construct the plant and remove sludge 
at periodic intervals is $119 per home. 
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An alternate treatment plant whose 
only advantage over this plant is elim- 
ination of sludge hauling is not justi- 
fied if its cost is greater than $119 per 
home. 

It ean be argued that the foregoing 
calculations ignore the cost of treating 
the sludge at the Greater Peoria Sani- 
tary District’s plant. The argument is 
valid and that cost should be ineluded 
by treating it in the same manner as 
the sludge hauling cost. The example 
calculations demonstrate a method for 
placing all costs on a present value 
basis. 

Economie analysis can be applied to 
a decision between interim sewerage 
treatment schemes with widely differ- 
ing first costs and maintenance and 
operating costs. After it is determined 
that the various schemes will produce 
the desired quality of effluents, their 
individual first costs and reeurring 
operational costs can be summed as 
present values. Ordinarily the plant 
with the lowest cost would be selected. 
The essential elements for the analysis 
are that alternate schemes will produce 
satisfactory effluent, initial costs and 
subsequent operational costs can be es- 
timated, salvage values and transition 
costs can be estimated, and the time of 
service for the scheme can be deter- 
mined. For treatment plants intended 
to serve for a period of only a few 
years, relatively high operational costs 
can be borne in return for a dispropor- 
tionate decrease in initial cost. On the 
other hand, for a plant designed to 
serve for a long time, a high first cost 
and a low annual operating cost might 
be more desirable. 


Summary 


The combination of the anaerobie 
contact process followed by aerobie 
treatment provided treatment that was 
highly satisfactory for the critical ef- 
fluent discharge condition represented 
by intermittent flow in Big Hollow 
Creek. During the winter when the 
efficiency of the aerobic portion Was 
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reduced, the efficiency of anaerobic 
contact was at its highest. In the eriti- 
cal summer months, the performance 
of the contact tank was below par but 
the improvement in the pond and filter 
Was more than adequate to keep the 
characteristics of the effluent within 
allowable limits. 

The test plant demonstrates that the 
SEC anaerobic process has merit as an 
economical device for primary treat- 
ment of sewage. The contact tank re- 
moved a large fraction of the sus- 
pended solids and the BOD removal 
was satisfactory. Sludge was concen- 
trated and stored in the tank for a 
long period of time without interfering 
with sedimentation. The process dem- 
onstrated a broad operating range 
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which is a highly desirable feature for 
plants that have a minimum of super- 
vision. Cost analysis indicates that 
this type plant will be highly competi- 
tive in many situations where interim 
sewage treatment is needed. 
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GRADUATES FARE WELL IN 1961 


In spite of the recent economic recession 1961 engineering graduates’ 
employment has been excellent. As of May 19, 84.4 per cent of the 
engineering graduates had either secured jobs, decided on post-graduate 
studies, had been committed to military service, or had other definite 
plans. By June 15, this figure was 91.8 per cent. 

The comparative figures for 1959 and 1960, as of May 19, were 83.6 


and 81.5 per cent, respectively. 


This information was the result of surveys made by the Engineering 
Manpower Commission of Engineers Joint Council. 
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| STEEL MILL SLUDGE RECOVERY 


| Richard D. Hoak 


Three kinds of sludge are peculiar to 
the steel industry: flue dust, mill seale, 


and neutralized pickle liquor. Sludges 
and boil blow 


these 


from water treatment 
down oecur also, but are rela 
tively small in amount and are common 


to industry in general 


Flue Dust 


Pig 
These are tall, cylindrical stacks lined 
with firebrick 
are fed to the 


iron is made in blast furnaces. 
[ron ore, flux, and coke 
top of the furnace 
through a double bell and hopper which 
serves the dual functions of distribut- 
ing the charge uniformly in the stack, 
and preventing emission of dust and 
gas during charging. Preheated air is 
blown into the bottom of the stack un- 
der the heat 


oxygen needed to smelt the ore 


and 
This 


ore 


pressure to furnish 


process continuously reduces iron 
collects on a 


The 


metal is periodically tapped into ladles 


to molten iron which 


hearth at the base of the furnace. 
for transfer to steel-makine furnaces, 
foundries, and other operations 

Air is blown into blast furnaces at a 
rate of 40,000 to 100,000 efm, and each 
cubie 
of exit 


foot of air produces 1.35 eu ft 
the fur- 


vas is thus 


vas from react 
The velocity of the 


very hieh as it passes through the voids 


ions in 


hace, 


in the charee 
flux, and coke are 
furnace in the 


Small particles of ore, 
carried out of the 
this 
pended material is called flue dust. 

The blast 


equipped with two or more large pipes 


offgas, and SUS 


top of the furnace is 


Richard D. Hoak is Sen 
Institute, Pittsh h, Pa 
The pape rwa ] 
Veeting of thie 


Fellow, Mellon 
innual 
Control 
Federation *hilade ct. 2-6. 


1960. 


known as *‘downcomers’’ to carry the 


The 


downcomers have bleeder valves to pro- 


vas to dust removal equipment, 


tect the furnace against pressure surges. 
These valves open automatically when 
safe limit, 
the 


Blast furnace performance can 


the vas pressure exceeds a 


and discharge the vas TO atmos- 
phere 
be very inconsistent ; in spite of mod- 
furnace often behaves 
One of the 


furnace opera- 


ern controls the 

in unpredictable ways. 
serious difficulties in 
tion is the tendency for the charge to 
When this 
the 


vas pressure increases. 


in the stack. 
settles 


form a bridge 
happens the stock below 
bridge and the 
When the bridge opens or slips a large 
volume of gas passes rapidly to the rest 
of the furnace system and takes with it 
great quantities of dust and even large 
pieces of the charge. 

Gas leaving the furnace will carry 
10 to 15 grains (0.0014 to 0.0021 Ib) of 
dust foot, on an 
The 


coke, and limestone. 


per cubic 


clust 


average. 
CONSIStS Of particles ot ore, 
When a furnace 
is Operating smoothly the particles will 
range in size from a quarter inch to a 
few millionths of an inch in diameter. 
The gas passes first toa dry dusteatcher, 
which is a evlindrical steel shell 20 to 
40 ft in diameter, with cylindrical top 
and bottom. Dusteatchers remove 60 
to SO per cent of the dust in the eas. 
The range of size of particles in the 
gas leavine a dusteatcher is given in 
Table |, and the chemical composition 
of the dust is shown in Table IT. 

Blast furnace gas is a low-grade fuel 
about 90 Btu/eu ft), but it 
before it can be 


equipment. 


must be 
cleaned burned in 
The gas leaving the dust- 
catcher scrubber 


which removes 90 to 95 per cent of the 


passes to a water 


dust remaining. A secondary cleaner 
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is employed where exceptionally clean 
gas is required. Both electrostatic pre 
cipitators and disintegrators are used 
these remove 
90 to 95 per cent of the dust leaving the 
Thus three 
operations remove substantially all of 
the dust from the gas. 


for the secondary stage ; 


primary scrubber. these 


The volume of water needed to wash 
the gas ranges from 10 to 40 gal/1,000 
cu ft of Water used in primary 
scrubbers may be 500 to 5.600 gpm, be- 
cause the furnaces produce 50,000 to 
140,000 Water is con- 
served in furnace operation through 
use of the condenser water to cool the 
furnace shell and then to supply the 


as. 


cfm of gas. 


TABLE I.—-Particle Size in Dry Dust Leaving 
a Dustcatcher 

screen 

Opening 

in.) Per Cent 

0.0328 2.5-20.2 
0.0232 3.9-16.6 
0.0164 7.0-11.7 
O.OLI6 10.7-12.4 
0.0082 10.0-15.0 
0.0058 10.2-16.8 
0.0041 7.4-12.5 
0.0020 5.3- 8.8 

> 0.0020 15.4-22.6 


vas washers. Water leaving the wash- 
50 to more than 200 
grains of dust/gal (850 to 3,500 mg/1). 

Dirty the washers is 
clarified in various ways before dis- 
For- 


merly the general practice was to store 


ers may contain 


water from 


charge to a sewer or to a river. 
the water in lagoons or sumps, with 
The 
increasing values of land at most steel 
mills has been forcing abandonment of 


provision for effluent discharge. 


this method in favor of mechanically- 
cleaned ¢larifiers which much 

The 
underflow from clarifiers is normally 
filtered on conventional vacuum filters. 
The filter cake is combined with an ap- 


occupy 
less area for a given capacity. 


propriate amount of coke breeze and 
sintered to hard lumps that are re- 
turned to the blast furnace 
smelting. 


for 
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TABLE II.—Chemical Composition 


of Dry Dust 


Per Cent 


Component (Dry Basis) 


Iron, as Fe 36.5-50.3 
» 


Phosphorus, as P 0.1- 0. 

Manganese, as Mn 0.5- 0.9 
Silica, as SiO. 8.9-13.4 
Alumina, as 2.2- 5.3 
Lime, as CaO 3.8-— 4.5 
Magnesia, as MgO 0.9- 1.6 
Sulfur, as S 0.2- 04 
Carbon, as C 3.7-13.9 


Flue dust is not a waste product. It 
is separated from wash water as com- 
pletely as possible for reprocessing. 
Several years ago, however, a question 
was raised about the over-all efficiency 
of dust recovery in the Ohio Valley and 
a survey was made by all the steel com- 
panies in that area. This survey pro- 
vided information that had not been 
available on a comprehensive basis. 

The concentration of suspended solids 
in gas-washer water fluctuates over a 
wide function of normal 
variations in furnace operation. In 
addition, the amount of dust produced 
from furnace to furnace varies with 
the chemical and physical properties of 
the furnace charge. 


range as a 


Thus it was neces- 
sary to develop a sampling procedure 
that would yield representative data. 
This was done by making an intensive 
study at a typical clarifier installation. 
Samples of influent and effluent were 
collected at 20-min intervals for two 
hours on each of 23 days over a period 
of two months and analyzed individ- 
ually for total suspended and nonset- 
tleable solids. The results were com- 
pared with data from hourly samples 
collected over a 24-hr period and an- 
alyzed individually, and with the re- 


TABLE III.—Median Values in Dust 
Recovery Practice 
Total dust made (Ib/ton iron) 202.1 
Wet dust made (lb/ton iron) 35.0 
Dry dusteatcher efficiency (°) 69.0 
Wet dust recovery efficiency (7) 93.5 
Solids in washer water (mg/l) 2,070 
Wet dust discharged (Ib/ton iron) 3.7 
Dust in effluent (mg/l) 167 


% 
q 
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sults from 15-min and 60-min com- 


posite samples taken over the same pe 


riod. Statistical analysis of all data 


showed that the average of individual 
samples over a 24-hr period was within 
the confidence interval of samples from 
Also, data for 


the composited samples did not deviate 


the two-month study 
enough from the long-term averages to 
invalidate this method of sample col- 
lection. The 
hourly 

over 24-hr periods 


survey therefore 


based on samples composited 

This study disclosed that the 79 fur 
naces in operation produced an average 
of 8.033 


7.550 tons or 94 per cent was recovered. 


tons of dust/day, of which 


Median values for some of the param- 
given in Table ITT. 


eters evaluated are 


Mill Scale 
The 


products entails rolling hot metal into 


manufacture of various. steel 


desired shapes. Hot steel oxidizes rap- 
idly in air, and the film of oxide scale 
thus formed must be removed from the 
metal just before it is rolled. This is 
generally done by directing a water 
spray onto the metal surface immedi 
ately ahead of the rolls. Most of the 
scale drops into a flume and is carried 
by a stream of water to a scale pit. 
The volume of water used in this opera- 
tion varies with the stock being rolled, 
but it will usually fall in the 
of 2,000 to 4,000 gpm. 


range 


Mill scale may contain upward of 70 


per cent iron as a mixed oxide and is 
equivalent to very high grade iron ore. 
It is thus a valuable by-product that is 
blast fur- 


Seale particles 


recovered for reworking in 
naces or Open hearths. 
range in size from an inch or more in 
breadth to a micron (0.00004 in.) or 
Some 80 to 9O cent of the 


seale particles settle rapidly from wa 


less. per 
ter, and recovery of this portion of the 
total is not difficult. The finely-divided 
particles settle quite slowly and cannot 
be recovered efficiently in typical seale 


pits. These pits are usually deep, ree- 
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tangular basins, but they vary widely 
in design. Most of them were installed 


many years ago, and their sizes and 
shapes were often dictated by the space 
available. Scale iS periodically dredged 
from the pits and storaged until it can 
be charged to the furnaces. 

The 
led te a proposal that a similar study 
be made of mill This 
turned out to be a much more difficult 


problem. 


success of the flue dust survey 


scale recovery. 
Although the amount of sus- 
pended solids in gas-washer water flue- 
tuates widely, it is possible to determine 
average concentrations by a statistically 
This 
mits calculation of recovery efficiencies 
Flue 


dust particles are small enough to re- 


sound sampling program. per- 


by means of material balances. 


main in suspension where there is only 
moderate turbulence. This is not true 
of mill seale. 
slide along the bottom of the flume that 
carries the scale away from the rolling 
mill and onk 
suspended in the water. 


The heavy pieces of scale 


the finer particles are 
The non-uni- 
form distribution of scale in the flume 
water makes it impossible to collect 
representative samples, and a material 
balance cannot be made directly. 

The water in conventional scale pits 
theoretical re- 
Kor ex- 
calculated 


is very turbulent, and 
tention times are quite short. 
ample, a typical pit 
time 
It would not be expected 


deep) has a retention 
of 7.2 min. 
that much finely-divided material would 
deposit in a scale pit under such condi- 
tions, and it is remarkable that roughly 
90 per cent of the fine particles settle 
out. 

Relatively coarse scale settles so rap- 
idly that it 
problem. 
pit should be based on the effective- 


constitutes no recov ery 


Thus the efficieney of a scale 


ness with which it removes the fine ma- 
terial that settles slowly. A method 
for evaluating pit performance was de- 
veloped by measuring the settling rate 
of influent relating this to 
the concentration of suspended matter 
in the pit effluent. 


solids and 


Influent samples 


; 

is 

: 

is 
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' 
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= 
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Setting Time, Min 
FIGURE 1.—Scale pit settling values. 
(300 ml) were taken every 20 min for dex’”’ because it is a useful tool for 


Effluent samples 
composited. Settling 
rates were measured on influent com- 
posites at 5. 15, 30, and 60 min. Total 
suspended solids were determined on 
The rate data were 
plotted on semi-log paper and the best 
straight line was extended through the 
points toward an ordinate which rep- 
resented the concentration of solids in 
the pit effluent. A time-value could 
then be read on the abscissa below the 
intercept of the effluent concentration 
with the rate curve, as shown in Figure 
1. This value represents the equivalent 
quiescent settling time of the suspen- 
sion in the pit. The typical pit cited 
above was used for the example given 
in the figure. The concentration of 
suspended solids in the influent was 
1,120 mg/l, in the effluent 155 mg/1. 
The figure shows that the initial con- 
would have fallen to 155 
mg/l if the suspension had settled un- 
der quiescent conditions for 0.06 min. 
Extrapolation of laboratory data over 
the range of Figure 1 would ordinarily 
highly questionable procedure, 
but studies were made on 10 sedimenta- 
tion units of various shapes and sizes 
with reasonably consistent results. The 
concept of equivalent quiescent settling 
time is an obvious abstraction, and to 
avoid this parameter has 
**Sedimentation In- 


8 hr and composited. 


were similarly 


effluent composites. 


centration 


be a 


confusion 
termed the 


been 


evaluating pit performance. 

Analysis of a large amount of labora- 
tory and field data led to the following 
empirical equation for rectangular pits 
with inlet at one end and outlet at the 


other, and for water at normal tem- 
perature. 
SI = 2.43 W? 
(2D + W)/Q*- 

Where 
SI = Sedimentation Index (min) 
L = Effective pit length (ft) 
W = Effective pit width (ft) 
D = Effective pit depth (ft) 
Q = Influent flow (cfm) 

Applying this equation to the basin 
under discussion (L= 50, W = 10, 


D = 8, Y = 557) the Sedimentation In- 
dex would be 0.096, corresponding to 
147 mg/l as compared with 155 mg/I 
from direct measurement. Various hy- 
pothetical cases can be selected to illus- 
trate the effect of the several factors. 
If, for example, the flow through the 
pit were halved for the same amount of 
entering scale, the Sedimentation Index 
would be 1.24, corresponding to an 
effluent concentration of 198 mg/l. 
(This computation requires a new set- 
tling-rate curve.) It might seem that 
performance becomes poorer at the 


3 
| 
; 
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lower flow rate, but the actual seale 


loss at the higher rate would be 3.7 
tons/day whereas it would be 2.5 tons 
day at the lower rate 
pit length to 75 and 100 ft would yield 
effluent concentrations of 137 and 130 
med, Making the pit 


substantially longer would thus appear 


Increasing the 


respectively 


to improve performance only slightly. 
Changing the depth of the pit 


much greater effect 


has a 
If the depth were 
reduced to 6 and 4+ feet the Sedimenta- 
tion Indexes would become 0.0315 and 
respectively to 
168 and 198 me! for the effluent. This 


illustrates the decrease in performance 


0.0067, corresponding 


that results from a buildup of seale in 
a pit and indicates the 
frequent cleaning. 


desirability of 


The empirical equation that evolved 
from this study 
understanding the 


has been an aid in 


behavior of finely- 
divided, high-density particles in a tur- 
bulent medium. It would be 
to provide a theoretical basis for the 


desirable 
equation in order to arrive at a gen 
eralized expression 
ance, <A 


for basin perform- 
therefore 
been undertaken to develop fundamen 
The in- 


vestigation is still in progress, but the 


model-study has 


tal equations for the purpose. 


preliminary equations yield results con- 
sistent with those from the empirical 
this 
project will provide a method for de 
signing seale pits with higher efficien 


equation, It is anticipated that 


cies than those now in service 


Pickle Liquor 
The 


forms on 


thin film of 
steel 


that 
must be re 
moved prior to further processing, such 
and the 


scale 


oxide 
surfaces 


as galvanizing, tin-plating, 


like. This is usually accomplished by 
immersing the metal in a bath of hot, 
dilute sulfuric acid Reaction of the 
acid with scale and base metal forms 


ferrous sulfate and gradually reduces 
the strength of the bath The spent 
liquor from this operation cannot be 
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tream ewe»rs 


diseharged to with 
out treatment 
Spent 


neutralized 


pickle 


with 


liquor customarily 
The resultant 


ferrous hydrate is usually 


lime. 
slurry of 
stored in lagoons. Provision of devices 
for recovering and using the superna- 
tant liquor is rarely worth the cost, be- 
often as 


cause the slurry volume is 


large as the original mixture and the 


solids do not settle well. An exception 


occurs where rinse water and strong 


liquor are combined prior to neutraliza- 
tion. The supernatant that separates 


in such cases can provide a source of 


clear water for low-level cooling or 
other purposes. Sludge from pickle 
liquor neutralization remains plastic 
for an almost indefinite time, and no 


found for it. 
Many years ago a process was devel- 
oped for 
from the 
desirable 


practical use has been 
wallboard 
had 


construction 


manufacturing 
The 

properties as a 
could not 
a price basis with other wallboards on 


sludge. produet 


material but it compete on 
the market. 

A neutralization process that avoids 
the necessity for lagooning this sludge 
is in commercial use. Streams of pickle 
liquor and lime slurry in proper pro- 
portion are combined in a_ reactor 
equipped with an efficient agitator and 
aerator. Partial oxidation of the fer- 
rous hydrate yields a slurry that can 
be vacuum-filtered to produce a cake 
containing about 60 per cent dry solids. 
This material 
dump. The 
efficient use of the basicity of the lime 


can be trucked to a 


process also makes more 
than is possible in conventional neu- 
A portion of the 


make 


tralization 
filtrate is 


plants 


used to fresh lime 


slurry and the remainder is discharged. 


Summary 


Flue dust and mill seale are valuable 
by-products of iron and steel manufac- 
ture that are recovered as completely 


“as possible for reworking. A research 


‘ 

: 

4 

: 

+ 
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project has been undertaken to improve 
the efficiency of recovery of these ma 
terials. Neutralization of spent pickle 
liquor produces a sludge that is not 
only worthless but which is expensive 


to store at a final disposal site. 
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REMOVAL OF ENTEROVIRUSES FROM 
SEWAGE BY ACTIVATED SLUDGE 


Sally Kelly, Wallace W. 


In a field study of the effects of sew- 
age treatment, the activated sludge 
process was most consistent in remov- 
ing enteroviruses from sewage (1 
By ‘‘removal’’ is meant non-detection 
of virus. Primary and, occasionally, 
secondary treatment ineffective. 
Bloom et al. (2) also cite a low fre- 
quency rate of viruses found in acti- 
vated sludge plant effluents (10 per 
cent). Since these are the only records 
of the removal of viruses by activated 
sludge at the plant, information on the 
mechanism must come from other 
sources. Carlson et al. 3) deseribed 
the removal of mouse-adapted polio- 
virus from sewage by activated sludge 
in the laboratory as dependent on aera 
tion and sludge presence, but gave no 
other clues to the mechanism. Reports 
of the removal of pathogenic bacteria 
by activated sludge mention their per- 
sistence in the sludge (4), the impor- 
tance of the settling period (5), and 
the possible role of bacterial antag- 
onism (6). In this study flocculation 
of the sludge did not entirely explain 
virus removal at the plant, since there 
was no concentration of viruses in the 
return sludge (Table | 

Several approaches were used to 
study the way in which viruses are 
removed by activated sludge. In doing 
so, it became clear that aerobic, mech- 
anistic, metabolic, and antagonistic 
characteristics of the sludge were in- 
volved. This report attempts to de- 
scribe these components and evaluate 
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their role in the removal of viruses 


from sewage. 


Materials and Methods 


Sludge was made in the laboratory, 
using as starter small volumes of aera- 
tion tank sludge from the Harlem Val- 
ley State Hospital at Wingdale, New 
York, and was maintained at room 
temperature in liter volumes. The 
starter sludge was stored at 5°C for 
periods of up to six weeks before use. 
Beyond that period it was no longer 
satisfactory. In the laboratory pro- 
duction of activated sludge the starter 
was diluted with from three to five 
times its volume of raw sewage and the 
mixture was aerated through a dif- 
fuser stone at the rate of from 21 to 
22 |/hr. It was fed twice daily by the 
draw-and-fill method as follows: the 
liter of mixed liquor was allowed to 
settle one-half hour, and 500 ml of the 
supernatant fluid were replaced with 
an equal volume of raw sewage from 
the Albany treatment plant. About 
100 ml of settled sludge were ‘‘ wasted’”’ 
daily. After two days of this schedule 
the activated sludge had volume in 
dexes from 127 to 241 with mixed 
liquor solids from 678 to 1,180 mg/l, 
and often removed during a 4-hr aera 
tion period 99 per cent or more of 
added virus. It was usually tested 
from two to five days after being 
started and over a 30-day period, the 
range of removal was from 94 to 99.9 
per cent of added virus. Fresh sludge 
secured from the plant removed viruses 
in the laboratory to the same degree. 
After a 4-hr aeration period there was 
no significant change from the initial 
pH value of approximately 7.2. <A 
preparation maintained with synthetic 
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TABLE I.—Isolation Rate and Plaque-Forming Units of Enteroviruses 
After Sewage Treatment 
Samples with Virus 
Treatment Aggregate 


Ee ffluent/ Raw 


Primary treatment 


Settling 64/69 
Secondary treatment 

Trickling filters 34/49 

Activated sludge 2/10 

Return sludge 

Chlorination in combination with 

other treatment 19/49 

Activated sludge 

Raw 

Aeration tank effluent 2/8 

Return sludge 9/10 

Effluent 2/10 


sewage (7) removed no greater than 
93 per cent of added virus. 

In individual experiments to test 
virus-removing activity, one part of 
settled sludge from the former prep- 
aration was mixed with two parts of 
raw sewage to give mixed liquor vol- 
umes of 15 ml, ratio found to be 
optimum. The mixtures were aerated 


a 


in 175- K 22-mm tubes through capil- 
lary pipettes at a rate of from 12 to 
14 I/hr. The stock preparation was 
fed with sewage one hour before the 
settled sludge was removed. 
with 


In a few 
bacteriophage the 
raw sewage was sterilized by autoclav- 
ing to reduce the total number of host 
cells of Escherichia coli available for 
reproduction of the phage. 


experiments 


Viruses were added to the mixed 
liquors in the form of supernatant 
fluids from Hela cells (8) infected 


with either poliovirus type 1, strain 
MK 500, or Coxsackie virus Group B, 
type 5, strain EA 8, in amounts to 
give from 1,000 to 10,000 50-per cent 
tissue culture infectious doses (TDs ») 
0.1 1,000 to 100,000 
plaque-forming units (PFU) per 0.5 
mi, were also 
made with bacteriophage FE. coli B, Te 
(9) in concentrations of from 300 to 


per ml or from 


Several observations 


PFU 0.5 ml 


Sludge, Raw 


93 
70 
20 
9/10 90 
18 
25 1 
40 12 
20 0 


5,000 plaques per ml. Estimates of 
initial and final concentrations of virus 
were made in 2-ml aliquots of the 
supernatant fluids after the mixed 
liquors had settled for from 15 min 
to 14 hr. TDs59 were estimated in tube 
cultures of HeLa cells by the moving 
averages method (10) and PFU were 
counted in bottle cultures of monkey 
kidney tissue (11). The supernatant 
fluids were centrifuged at 3,000 rpm 
and filtered through membrane filters 
before inoculation into tissue cultures. 
Estimates of phage particles in the 
supernatant fluids were made (12) and 
in a few experiments in the settled 
sludge fraction after it had been cen- 
trifuged, washed, resuspended, and 
incubated one hour at 32°C with toluol 
(13) to reduce microbial contamination. 

A few oxidation-reduction potential 
measurements were made of the mixed 
liquors with the pli meter using a 
platinum electrode with a saturated 
calomel half cell as a reference (14). 
The millivolt (my) readings were 
standardized against that of a potas- 
sium acid phthalate buffer, 0.05 M, at 


pH 4.01, to which a trace of quin- 
hydrone was added (15) and are ex- 
pressed in relation 
trode potentials. 


to hydrogen elee- 
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Isolations of typical fungi and bae- 
teria were made by picking colonies 
from agar plates streaked with loop- 
fuls of settled sludge from the plant. 
The following media were in ac- 
16): beef extract tryp- 
beef extract 


avar 


used 
cordance with 
tone glucose 

beef 


blood, and Sabouraud’s modified pep- 


avar, agar, 


heart infusion and horse 


tone agar, with glucose. <A few isola 
also on a modification 
of Tyrod’s agar (17 Autoclaved 
sewave suspensions of slant cultures of 
the 
for antiviral activity by aeration with 
poliovirus followed by settling in the 


manner described for observing the ef 


tions were made 


strains were made and screened 


fects of activated sludge. 


Results 

The 
removing activity of slude 
directly by the 
air and indirectly by 


the virus 


Was dem- 


aerobic nature of 


onstrated exclusion of 
noting the effects 
and inhibitors of 

When 
was bubbled through the mixed liquors 
at the rate of 12 to 14 1/hr for 
periods of up to 5 hr, 


of substrates tor 


aerobic respiration, nitrogen 
from 
viruses were not 
removed. <A rise in virus 
noted in the 


concentra 
tion was often supernatant 


fraction of mixed liquors which had 


Which no ex- 


Wuhr 


been nitrogwenated, for 


planation is offered at present. 


TABLE II.—Removal of Bacteriophage by 
Flocculation at Various Metabolic States of 


Activated Sludge; Sludge Fed at Zero 
Hour 
Per Cent R 
oval Aft 
ment 2 
\eration prior to ad | 0) 10 
dition of phage and 2 17 34 
settling | 24 11 
) 
Phage ndded prio. 
aeration 2 
tling QS 
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mann and Beust reported that glucose 
was removed by activated sludge under 
anaerobic conditions (18). In studies 


here, however, glucose in concentra- 
tions of 0.001 and 0.01 M had no effect 
on virus removal by activated sludge 
when nitrogenated, indicating that 
they are not parallel activities. 
Malonie acid, the specific inhibitor 
of the 


acid 


respiratory enzyme, sueeinic 
dehydrogenase, in nonvirucidal 
0.001 and 0.01 M, 
reduced the virus-removing activity of 


sludge by about one-fifth. 


concentrations of 


The respira- 
tory stimulant, dinitrophenol (DNP) 
did not the virus-removing 
activity of sludge in concentrations of 
from 0.00001 to 0.1 M. 
do not coneur with those reported 
which 


enhance 


These results 
19) 
DNP of 
0.0002 in- 
creased the organic fraction reducing 
activity of 


concentrations of 
from 0.0003 M up to 


sludge when aerated for 
two and a half hours or less in a me- 
dium of synthetic sewage. 


While the 


demonstrate 


preceding experiments 
the necessity of aeration 
for the virus-removing activity of ae- 
tivated 
the 
virus 


itself is 
Aeration of 
the 
sludge, for periods of up to five hours, 
did not the 
polioviruses, or bacteriophage. 


sludge, aeration 


not 
mechanism sewage- 
mixtures, in absence of 
concentration of 


When 


mixed liquor was aerated in the pres- 


reduce 


ence of bacteriophage, the removal of 
phage during the settling period was 
greater than when it was added to the 
mixed liquor after the aeration and 
prior to settline (Table I] When 
the mixed were aerated for 
different the 
aeration resulted in greater 
removal of phage whether or not the 
added 


however. 


liquors 


periods of time, longer 


periods 


phage was present during or 
after aeration. In no ease, 
Was the per cent removal of phage as 
vreat, when it was added after, as when 
present during aeration. These ex 
periments demonstrate that about half 


the virus removed by activated sludge 


may be accomplished while the sludge 


4 
f 
\ 
4 
4 
43 
cs 
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Removal of Poliovirus and Bacteriophage from Sewage by Dispersed and Intact 


Floc of Activated Sludge; PFU in Thousands (Data are from a typical experiment) 


Intact 


Polioviru Phage 


0.5 ml Removal PFU, ml 


550 1.900 


2.500 
120 3.309 


is settling although a substantial pro- 
portion is accomplished during aera- 
tion in the presence of sludge. 

The importance of the oxidation- 
reduction potential (ORP) of aeti- 
vated sludge in removing viruses was 
considered by comparing it with the 
redox potential of a solution in which 
enteroviruses 
199TH. 
liquor immediately after feeding with 
+185 mv ini- 
+285 mv 20 min later. The 
potential 6 hr after feeding ranged 
from +340 mv initially to +315 mv 
after the electrodes had been immersed 
30 min. The ORP of 19911 was +360 
mv initially, indicating that the re- 
moval of virus by activated sludge was 
probably not a function of the redox 
potential itself. The role of rapid 
changes in potential, as from those in 
raw 


are commonly — stored, 


The ORP of aerating mixed 


raw sewage varied from 
tially to 


sewage to those after brief aera- 

tion with sludge was not examined. 
The properties of the 

sludge appeared to be of minor impor- 


mechanical 


tance in the removal of virus from sew- 
age when observed as follows: sludge 
which had been dispersed before aera- 
tion by agitation in a blender for 5 
min at 10°C removed poliovirus to the 
same extent as intact sludge during a 
4-hr aeration and a half-hour settling 
period (Table II] ), 

The for the removal of 
virus during aeration in the 


mechanism 
presence 
of sludge Hoe may well be more com- 
plex than that during the settling pe- 
riod which may be partially explained 
by adsorption or exchange. Evidence 


™ Removal PFU 0.5 ml 


Dispersed 


Poliovirus Phage 


% Removal PFU ml  % Removal 


767 5,700 
277 3,100 15 


273 3,509 


of enzymic activity was sought for as 
follows: the supernatant fluid from 
activated sludge, fed with sewage two 
hours previously, 
hours in the virus. No 
change in phage concentration was 
noted, indicating the absence of exo- 
enzyme activity. Nor did a cell-free 
aqueous extract of freshly fed sludge, 
made by grinding sedimented sludge 
with powdered Pyrex remove 
phage from sewage after a three-and-a- 
half-hour aeration period, indicating 
the absence of endoenzyme activity. 
The question persists as to what 
happens to the virus that is removed. 
If a buildup of viruses occurred in the 
sludge, the density of viruses in that 
portion would be enormously greater 
than that of raw sewage. Isolations of 
virus in return sludge at the plant did 
not confirm this. In the laboratory the 
failure of virus to accumulate in the 
settled sludge was verified in this man- 
ner: the total number of phage par- 
ticles in the mixed liquor (supernatant 


aerated five 


presence of 


Was 


glass, 


TABLE IV.-—-Recovery of Bacteriophage in 
Various Fractions of Activated Sludge 


Plaques, Sample* 


Per Cent 


h 
Aeration Period Removal 


Fraction 


Supernate 
Sludge 


1 
SUG 
Total 89.7 


* Data froma typical experiment in duplicate. 


= 
\eration 
0 
4 
| 33 
4 
NO 
aA, 
0 5 | 
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was estimated 
by summing the numbers found in the 
supernatant and settled portions be- 
fore and after aeration. 


fluid plus settled sludge 


From 5 to 35 
per cent of the added phage in the 
mixed liquor was recovered (Table LV 

The decrease in phage concentration in 
sewage, however, was not reflected by 
an increase in its concentration in set- 
tled that 
tion occurred during the removal proc- 
noted in both 
phases of the mixed liquor. Bacterio- 


sludge, indicating inactiva- 


CSS. The decrease was 
phage was chosen for this experiment 
since quantitative recovery from. set- 
tled require 
sterile conditions for estimates of con- 
centration is difficult. 


sludge of viruses which 
The possibility 
that phage was present in sludge in a 
bound state not detectable by the usual 
test found to be 
improbable: the charge on the sludge 


was considered and 
particles was changed by adjusting the 
pil to 4.0 and by reducing the number 
of diffusible ions by dialysis overnight 
water. In both 
instances the phage concentration of 


against running tap 
the sedimented sludge was no greater 
than before. 

The failure to 
virus in the 
operations and in 


additional 
sludge in 


recover 
return plant 
sedimented sludge 
in the laboratory strongly suggested 
that 


aeration 


during the 
Oxidation 
tact with molecular oxygen was not a 


inactivation occurs 


process. by con- 
likely mechanism of inactivation since 


aeration in sewage alone did not in- 


activate virus. While it was possible 
that chemical antagonism from compo- 
nents of the sludge inactivated virus, 
an aqueous extract was ineffective. 
The possibility that biological antag- 
onism in sludge plays a role in the 
inactivation of viruses was explored 
from 


by screening microbial isolates 


sludge for their virucidal activity. Of 


58 strains isolated, 4 inactivated from 
90 to 90 per cent of initial virus in 
duplicate screenings, At least six 


extent in 
effect of 


that 
antiviral 


inactivated to 


The 


others 


single tests, 
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four of the strains tested as a mixture 
was no greater than that of the strains 
tested separately. The remaining iso- 
lates were ineffective or inconsistent in 
duplicate tests. The virucidal isolates 
were characteristic of Flavobacterium, 
Kle bsie lla 


strains (20 


and coliform 
Voleani has identified a 
virus-destroying 


ade robacte 


organism as a 
None of the 


isolates of funei were virucidal. 


soll 


Flavobacterium 21 


Discussion 


for the removal of 
enteroviruses from sewage by activated 


The mechanism 
sludge is complex. The obvious mode, 
flocculation followed by settling, how- 
ever, accounts for only a portion of the 
removal. The remainder of the re- 
moval was carried out during the aera- 
tion process in the presence of sludge 
floc and nutrients. The aeration proe- 
ess, further, was found to ‘‘prepare’’ 
the flo¢ for clarifying activities during 
settling. 

If MeKinney’s interpretation of ae- 
tivated sludge eycles (22) is applied to 
the removal of viruses, the aeration pe- 
riod with nutrient serves to put the 
state of 
which 
time (in experiments here, at least two 
hours after feeding) the 


organisms of the floe in a 


endogenous respiration after 

removal of 
viruses may be accomplished by the 
flocculation process. 

Unexplained, however, is the removal 
that occurs during aeration in the pres- 
ence of sludge floc and the fate of the 
flocculation. The 
ecological character of activated sludge 


virus removed by 
aeration, nutrients, microorganisms, 


foreign matter—strongly suggests an 
area ripe for the elaboration of biolog- 
Furthermore, the rel- 
two 


to four hours required for mactivation 


ical antagonists. 
ative sluggishness of the system 

is indicative of a biological rather 
than a chemical oxidation, in which a 
latent period of unobvious activity may 
framework the 
antiviral activity of some of the bae- 


be necessary. In this 


terial isolates from activated sludge is 


Ay 
ay 
{ 
; 
4 
: 
ihe 
x 
4 
: 
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not surprising. The continued action 
of these biological antagonists during 
flocculation and settling may well ac- 
count for the inactivation of virus that 
accompanies its removal. The impor- 
tance of the mechanical state of the 
floc in removing viruses is lessened if 
antagonism is assigned a role, and this 
Was observed. 

The possibility was not explored that 
auto-inactivation of viruses occurs as a 
result of depletion of some essential 
nutrient or stabilizer by activated 
sludge. This is suggested by the need 
for tryptophane by Salmonella in ana- 
erobically digested sludge (23) and by 
the account that phosphorus, a factor 
in virus survival in water, is rapidly 
removed by activated sludge (24). 

The effects of respiratory substrates 
and inhibitors on virus removal by 
sludge are indicative of its aerobic 
nature. The results are less clear cut 
than expected, perhaps because of the 
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many systems in sludge that are sus- 
ceptible to these compounds. 


Summary 


The removal of poliovirus and bae- 
teriophage by activated sludge in the 
laboratory was shown to involve at 
least two steps: (@) aeration in the 
presence of sludge floc and nutrient, 
and (b) the settling of floc. Removal 
by the latter step depended on the 
metabolic state of the floe. Aeration 
with sludge floc was essential and was 
affected by respiratory metabolites and 
the absence of air. Aeration itself had 
no effect, and the redox potential was 
not implicated. Nor was the mechan- 
ical stability of the floc vital in virus 
removal. Viruses were inactivated 
during the removal process, and the 
isolation of at least four strains of 
bacteria with antiviral activity sug- 
vests that biological antagonism is a 
third step. 
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LEGAL RESPONSIBILITY OF SEWAGE 
PLANT OPERATORS 


John S. Samson 


It has been said, ‘‘Every phase of 
the far reaching enterprise of pollution 
control is necessarily governed by law. 
Ilence it is important not only for legal 
counsel, but for members of governing 
bodies, administrators, technicians, and 
others who are engaged in_ pollution 
control work or are affected thereby to 
have at least a working knowledge of 
the principal provisions of laws to 
which they are subject 
fact that 
many more phases of the law involved 


In view of the there are 
as it relates to the topie than can be 


covered in a short paper, this is re- 
stricted to a few general principles of 
legal responsibility of an operator. 
Most operators but few lay citizens 
are aware that, ‘‘The most complete 
and efficient types of sewage treatment 
utilized today, do not of 
produce 


potable.” 


themselves 
water of a quality that is 
The self-purification proe- 
which the 
treated sewage effluents are discharged 


esses of the water into 
are essential to raise the quality of the 
water. To go on this, further 
purification is necessary when the river 


from 


water is withdrawn for domestic pur- 


poses, Depending on the degree of 
pollution of the water source, water 
disinfection, sedimenta- 


tion, and filtration are necessary.’’ In 


coagulation, 


John 8, 


Nebraska: 


Saiison is an attorney in Omaha, 
Vebraska Water Pollu- 
tion Control menher, appointment 
by the Pre Water Pollution Control 
fidvisory Board, in the United States Public 
Hlealth Service, Health, 


Chairman, 
Council: 


sident, of 


Secretary of 
and Welfare. 

This paper was presented as a part of the 
** School for Plant Op 


Doane College, Nebraska, June 


Sewage 
Crete, 


postum, 
erators, 


this connection many branches of gov- 
ernment, including the United States 
Public Health and industry, 
including but surely not restricted to 


Service 


oil, steel, paper, packing, and mining 
through engineering and scientific ap- 
proaches are seeking to find methods 
which hopefully will guarantee close to 
100 per cent removal of the 
impurities from used water. 


various 


This is mentioned to emphasize that 
no legal liability should attach to the 
operator—the agent or to his employer 

the principal—in most cases the mu- 
nicipality, because the effluent is not as 
such, potable. 
has not yet progressed to and devel- 
oped methods where such effluent may 
be in and of itself potable. 

There are different means of protec- 
tion which can be employed to protect 
the sewage plant operator as to liabil- 
ity. 


Sanitary engineering 


Some of these are: 


1. State legislation holding the city 
responsible. 

2. Personal lability insurance. 

3. Some method of indemnification 
by the city to the operator. 


Mandatory Operator Certification 


The items just mentioned result in 
protecting the operator, only, against 
What of the private citizen 
who is injured as a result of the opera- 


tor’s negligence or incompetence? 


damages. 


ne possible answer is a program of 
training with rigid requirements for 
the sewage treatment plant personnel. 
Many of the 
control agencies are meeting this need 
through their 


(2). Seven states have mandatory or 


states’ water pollution 


certification 


programs 


compulsory certification programs and 
. 
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thirty-five have voluntary programs. 
Michigan and New York, together with 
Illinois, New Jersey, Ohio, West Vir- 
ginia, and Texas using mandatory cer- 
tification with Florida being one of the 
states utilizing voluntary certification 
program. It is most interesting to 
that Nebraska 
certification (3 
est’? was high in 
1951 (4 

The certification of 


note has no plan for 


even though ‘*inter- 


this matter back in 


water and sew- 
age treatment plant operators is done 
with but one mind—to 
make reasonably certain that treatment 
facilities 


objective in 


will be 
and effectively 
fulfilled only by employment of quali- 


operated efficiently 


The objective can be 


tied. competent operating personnel on 
The 


vary 


basis. method for 


a continuing 


accomplishment may from state 


to state, but the basic objective remains 
the same (5 Insight as to why some 


states are and also 


mandatory 


delinquent why 


certification is considered 
superior to voluntary is necessary in 

The initial 
support for a certification plan should 
have a This 
all groups which may have an interest 


considering this problem. 


broad base. means that 


in certification must be contacted and 
kept informed 
solicited. 


Their support must be 
A municipality or industry 
may very easily come to suspect that 
a plan backed only by plant operators 
is solely for the operator's protection 
(6). Either type of certification is an 
improvement 


over the utilization of 


incompetent personnel, for not only 
will the public benefit, but the sewage 
treatment plant fraternity of operators 
will experience a better life through 
increased earnings and education (7 


With pollution 


control work would become more pro 


certification, water 


fessionalized, the with 


tenure of office less susceptible to the 


appointments 
whims and whimsy of the local politi 
clan, With a salary commensurate with 
the capabilities and abilities of the in- 
volved person leading to greater stabil- 
ity in the employment relationship. 
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Negligence 


The rule to avoid the charge of neg- 
ligence is: ‘‘Be careful and do what 
a reasonably prudent man under the 
circumstances would do.’’ Do not 
place yourself in the category where 
vou would qualify as being negligent. 
The courts have defined negligence as, 
‘The omission to do something which 
a reasonable man guided by those ordi- 
nary considerations which ordinarily 
regulate would do, or 


human affairs, 


the doing of something which a rea 


sonable and prudent man would not 


(3 


Distinction Between Governmental 
Functions and Proprietary 
Functions 


The maxim, ‘‘The king ean do no 
wrong,’’? underlying the common law 
immunity from suit of the sovereign, 
is the foundation upon which the im- 
munity from suit of the state, and, in 
turn, of the city, is based. At common 
Russell vs. 
667-12 


1788 


law, the early Russell Case 
Devon County, 2 TR 
Ruling Cases 694 


English 
is generally 
regarded, although this is disputed by 
some as having established in 1788, the 
fundamental principle that a political 
subdivision of the state was not liable 
for Injury resulting from its negligence 
in performance of a governmental 
function. 

In our early American history, mu 


nicipal corporations were placed on 


the same footing as private corpora- 
tions insofar as tort liability was con- 
cerned and sovereign immunity was not 
extended to them. This was changed 
in 1842 when the landmark Bailey Case 
Bailey vs. New York, 3 Hill NY 531, 
38 AM Dec. 669-1842 


was decided 
and since then the fundamental legal 
principle underlying municipal tort 


liability has remained practically un- 
changed (9 


In this ease the city was held lable in 
an action for damages to property due to 


negligence in the construction of a water- 


” 
5 
| 3 
¥ 
ory 
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supply dam upon the theory the city was 


in the same legal position as a private 
corporation. But the eourt plainly indi 
cated that the city would have been im- 
mune from lability if it had been acting 
in its publie character, that is, engaged 
in a governmental function. Thus was 
evolved the municipal tort liability doc- 
trine now generally recognized, that a 
city has both proprietary and govern- 
mental functions and that it may be liable 
for torts arising out of its proprietary 
activities but is immune from liability for 
torts arising out of its governmental 
functions. 


As has been said (10), 


The law has always made a distinction 
in the liability of a government when it 
is acting as a government and its liability 
when it is acting in a proprietary ca- 
pacity or, more simply, when it is en- 
gaged in a business enterprise. It has 
always been the case that when acting in 
a business enterprise, a government is 
liable, just as any other business enter- 
prise. Examples of such activity are the 
water department, gas department, har- 
bor department, municipal auditorium 
and stadium, municipal airport, electric 
utility and other similar activities of 
many municipalities. In general, all are 
business or proprietary activities. 


And further (9), 


The rule recognized by the great 
weight of authority is that in the ab- 
sence of statutory provisions to the con- 
trary a city is not liable for injuries 
caused by its negligence or nonfeasance 
in the exercise of its governmental fune- 
tions, this being a common law rule 
which immunizes the city against liability 
for either the nonuse or misuse of its 
governmental power or for the acts or 
omissions to act of its officers, employees 
and agents. But it is liable for its torts 
committed in its proprietary capacity. 
Although differences in judicial opinions 
may make a municipal function govern- 
mental in one jurisdiction and propri- 
etary in another, in general the distine- 
tion generally recognized is that if the 
function is for the benefit of the publie 
at large it is governmental and if solely 
for the people of the community or the 
city itself, it is proprietary. Perhaps 
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the most commonly accepted distinetion 
between governmental and proprietary 


functions is based upon what or who is 
affected by the exercise of the funetion, 
that is, if the state or the publie gener- 
ally is the principal beneficiary is the 
municipal corporation and its inhabitants 
it is proprietary. 


It seems to be the generally recog- 
nized rule that a municipality is liable, 
to the same extent as a private corpo- 
ration, for injuries resulting from the 
creation or maintenance of a nuisance 
by a municipality (9), and thus the 
maintenance and operation of a munic- 
ipal sewage disposal plant could impose 
municipal lability (11). 


Status of the Wastewater Treatment 
Plant Operation 


The following are noted as relative 
to wastewater disposal plants (14): 


Wastewater disposal plants. Although 
authorities are in conflict upon the ques- 
tion as to whether the operation of a 


sewage disposal plant is a governmental 


or a proprietary function, the prevailing 
view seems to be that a municipality may 
be held liable for death or injury re- 
sulting from negligent or other tort in 
the operation of such a plant. Likewise, 
irrespective of negligence, and even 
though it is constructed and maintained 
under statutory authority or in the per- 
formance of a governmental function, a 
municipal corporation may be held liable 
if a nuisance results from operation and 
maintenance of a septic tank, or other 
sewage disposal system. In a_ proper 
case, such a nuisance may be enjoined, 
but, under appropriate pleadings and 
proof, an injunction may be denied 
under the doctrine of comparative in- 
jury, or on condition that the noxious 
situation be corrected. 

An owner of land taken for the con- 
struction of a sewage disposal plant is 
entitled to an award of the value of the 
land taken and consequential damages 
to his business. 


and noted further in (12): 


The general rule with respect to the 
rights of property owners, such as plain- 
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ie damaged as a result of the 


tiffs, whe 
flow 


follows: *A 


ot sewaue ero then property, a 


munieipality ans 


in damages if it discharees the out flow 
sewer, or a system of sewernee 
the property of othe ud tl upon 
the eround that such discharee consti 


tutes a private nuisance for which action 


may be maintained by the person injured, 

A municipality has no more right to 
create a nuisance to the Injury of an 
other than has an indiy dual, and hence 


Where a sewer outlet is a private nui 


sance damages are recoverable. Thus, a 
municipality will be liable where a sewel 
Is maintained by a munis Ipal corpora 
tion so as to discharge and 
upon private property, or to emit offen 
odors creat ne al Insanitary and 

nterftering with the 


safe and comfortable enjoyment ot 


sive 


dangerous conditio) 


property so to ipa its value. 
The Kansas Court on Kin s. Kansas 
City, 58 Kan. 334, 338, 49 P. 88. 89. de 
¢lared that a munic pality eannot collect 
‘sewage and filth ar d precipitate it upon 
the property of a= citizer even if 


the plan is devised in eood fa th and the 


best material is construction, 
It is 


sewer the discharge is made, 


linmatertal from which end of the 
The conse 
quence and liability are he 


+ 


This Court in Winchell vs. City of 
Waukesha, 1901. 110 Wis 101. 109. 85 
N. W. DOS, 670. declared : 


The great weight of authority, Ameri 
can and English, supports the view that 
legislative authority to 


Install a sewe1 


system carries no implication of author 
ity to create or} 


that it matters not whether sue 


and 


hulsance 
results from negligence or trom the 
plan adopted. It such hiuisance be ere 
ated, the same ret edies may be invoked 


as if the perpetrator were an individual. 


Three Supreme Court decisions refer 
to the problem, one Wis 
COnSIN, North Dakota, and 
the other one from Washineton 

In Briggson vs. City of Viroqua, 264 


Wise. 47, 58 NW 2nd 546 : 


same from 


one trom 


The plaintiffs are the owners of a 110 


acre farn located 


approx nately 
mile to the northwest of the 


one 


sewage dis 
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posal plant ol the (ity ol 


The City of 


Viroqua is the eounty seat 
of Vernon County and has a population 
of approximately 3.500. In the early 
1920's it constructed two sewage dis 
posal plants, one at the southeast eorner 
of the city, and another at the northwest 
corner of the citv. Some years later the 


smaller plant at the southeast corner ot 


the city was abandoned and all sewage 
at the north- 
pumping sta- 
tion being employed to lift the sewage 
from the 


Was sent throueh the plant 


west corner of the citv, a 


south side of the city so that 


it could be transported to the plant at 
the northwest corner of the city. 
The sewage disposal plant Is equipped 
with a 


alve is opened raw 


bi-pass valve and when such 
sewage precipi- 
tated down the valley and across plain 
tiffs’ 


constructed 


property, 


vith 


The plant Was not su 
sufficient capacity to 
the City of 


city 


handle the storm water ot 


Viroqua which enters the sewer 


svstem. In case of rains the bi- 


pass valve was then opened sO as not to 


heavy 


overload the capacity of the plant itsel 
with the that raw 
permitted to flow 


valley, It was 


result sewage 
down the 
that a 
thereot 
tine after the 


bi pass valve had again been closed, be 


directly 
only natural 


terrible stench arose as a result 


and continued for a long 


cause of the 
hatter 


created by the 


solid 
diteh 
times the 


precipitation of toe 
the sides of the 
effluent. At 


were so bad in the 


along 
odors summertime 
that the tenants were obliged to keep the 
dwell 
Ing house located upon plaintiffs’ land, 
Cows of the 


doors and windows closed of the 


tenants pastured in the 
area had to be cleaned with disinfectant 
they milked, The well 
on plaintiffs’ farm was contaminated and 


hefore could he 


Its use for drinking purposes perma- 
nently destroyed so that the tenants were 
obliged to drinking 


haul all of their 


Water Tron 


The 


$9,000 damace 


outside Sources, 


Supreme Court affirmed a 
Judgment and reversed 
that it held the 
plaintiff was entitled to a permanent 


injunetion. 


the lower court in 


In the case of Kinnischtzke vs. City 
of Glen Ullin (North Dakota 57 NW 


2nd 5&8: 
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No. 10 


Ihe complaint alleges that the plain 
tiff owns 640 land approxi 
mately one-half mile from the City of 
Glen thereon his 
home and residence for his family. It 
is then alleged that the defendant care- 


acres of 


and maintains 


lessly and negligently operates its sewer 
system and cesspool and by reason of 
such negligence causes the city sewage 
and offal to be discharged into a creek, 
which flows through and adjacent to the 
Plaintiff's premises and home, causing 
stench that has greatly 
plaintiff personally and 
injured the value of the premises; that 
plaintiff's livestock drink the water from 
said creek an that as a result of the pol- 
lution the plaintiff's cattle have become 


a nauseating 
damaged the 


greatly emaciated and reduced in value. 


There was a judgment for the plain- 
tiff and on appeal the Supreme Court 
held that 


posely or 


where a municipality pur- 
negligently so operates a 
sewage disposal plant that it becomes 
a nuisance which results in injury to 
property, the municipality is liable for 


damages. 


Public Employee Liability 


The case of Russell vs. City of 
Grandview (Washington), 236 P 2nd 
1061, answers two questions. The two 
defendants were the City of Grandview 


and Earl Bugge, water superintendent. 


On and prior to October 26, 1949, the 
City of Grandview owned and operated 
a municipal water plant for the purpose 
of furnishing a domestie water supply 
to its inhabitants. The was 
pumped from wells into the distribution 
svstem. Combustible gas from the wells 
affected the water pressure. 


water 


The water 
respondents 
that if they would leave the faucets open 


superintendent informed 
the gas pressure would be released and 
the water would soon flow. 

On the morning of October 26th, the 
respondents had no flow of water. Two 
sink faucets and those serving the bath 
tub and basin opened, 
Shortly thereafter, hissing sounds were 
While 
preparing 
breakfast on the kitchen stove, the gas 


wash were 


from the faucets. 
respondents 


heard coming 


one of was 
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that had come into the home exploded, 
injuring respondents, wrecking the dwell 
ing house, and causing fire damage. 


In affirming a damage judgment for 
the plaintiff, the Supreme Court said: 


In the performance of its duties owing 
to its patrons, the city acted by and 
through the water superintendent. — It 
was his duty to exercise reasonable and 
ordinary care to so operate the water 
system under his charge as to prevent 
the entering of explosive gas into the 
water pipes. It was his acts and omis- 
sions which to a great extent, though not 
exclusively so, ineurred liability on the 
part of the city. It is elementary that 
an agent whose negligent acts or omis- 
sions in the performance of the duties 
entrusted to him renders his principal 
liable in damages, is also liable for his 
own negligence. The court properly sub- 
mitted the question of negligence on the 
part of the water superintendent to the 
jury. 

City engaged in operation of water 
system acts in its proprietary capacity 
and is liable for negligence the same as 
any private corporation engaged in such 
and fact that some of the 
water is used in connection with health 
and sanitation and in fire protection is 
immaterial. 


business, 


The above shows how the negligence 
of a publie employee involved him per- 
sonally. 

It may be said any employee who 
negligently, or intentionally for that 
matter, injures another person or his 
property, may be personally respon- 
sible for the damage he causes; this 
whether or not he works for the city 
in its proprietary capacity or govern- 
mental capacity. As a municipal em- 
ployee he is an agent of the city and 
of course the city, if acting in a pro- 
prietary capacity, is also liable (10). 

An agent is liable to a third person 
for his own misfeasance or positive 
wrongs although in some cases there 
appears to be a thin line which sepa- 
‘ates the above from nonfeasances or 
omission of duty in course of employ- 
ment. Generally an agent who violates 
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a duty which he owes to a third person 
is answerable for the consequences 
thereof : is liable for his own act re 
gardless of whether the principal is 
liable or amenable to judicial action 
(16). 

As a well-known legal works sets out 
(17): 


It is clear that the relation of agency 
does not exenipt a person trom liability 
for an injury to a third person resulting 
from his negligence tor which he would 
otherwise be lable. An agent is lable 
to a third person for any injuries in- 
curred by the latter as the proximate 
result of the agent’s failure to use due 
care. This liability is based not upon 
the relationship of principal and agent, 
but upon the common-law duty resting 
upon every person—agent or not agent 
—to use due care and proper precautions 
so that he does not act or use that which 
he controls so as proximately and negli 
gently to injure another person. In 
other works, this liability, even though 
it may arise out ol the performance ot 
the agency work or transaction, rests 
upon a breach of duty to such third 
persons which exists, not because of the 


agency, but regardless of it. 


In a text of the American Law Insti- 
tute which is increasingly referred to 
by both the judiciary and the members 
of the bar expresses the broad prin 
ciple that an agent is subject to liabil- 
itv, if by his acts he creates an un- 
reasonable risk of harm to the interests 
of others protected against negligent 
invasion; verbatim it is (18 

An agent is subject to liability if, by 
his acts, he creates an unreasonable risk 
of harm to the interests of others pro 


tected against negligent invasion. 
also (19), 


These sections include situations in 
which an agent causes harm to a third 
person by his activities, and also those in 
which the agent’s performance of his 
duties to his principal results in harm 
to third persons. It would be supereroga- 
tory to cite the innumeruble cases dealing 
with the liability of an agent for his 
activities. An agent is not protected by 
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the fact that he is acting as an agent 


unless he is privileged to act because of 
some privilege of the principal or unless 
the principal does not owe to a particular 
person the standard duty of care. Where, 
however, the agent’s conduct is a failure 
to do something, rather than doing some- 
thing wrong, there is more difficulty in 
reconciling the cases and there are 
doubtedly courts which make the distine- 
tion once made between nonteasance and 


misteasance. 


As has been so well said (20 


Municipalities whose sewage disposal 
systems have resulted in a nuisance to 
private parties have often sought to de- 
fend suits brought by such individuals 
upon the ground that the construction 
and operation of a sewage disposal plant 
involve a pubic necessity, and, when sane- 
tioned by legislative authority, constitute 
a governmental function immune to the 
sults of private parties. The question 
is sometimes further complicated by the 
existence of constitutional provisions re- 
quiring the payment of compensation for 
the “taking,” and in some cases for the 
“damaging,” of private property. The 


courts have been nearly unanimous in 
rejecting the contention that a munici 
pality is immune from suit, either for 
damages or for abatement of the nui- 
sance, merely because the offending sew- 
age disposal plant has been constructed 
and operated under legislative authority. 


ven tor 


The reason most frequently g 
rejecting the governmental immunity 
contention is that while the legislature 
may have sanctioned the construction and 
operation of the sewage disposal plant, 
and while the exigencies of the public 
may require it, vet it is not to be in- 
ferred that the legislature intended to 
sanction the creation and maintenance 
of a nuisance. The view that a munici- 
pality may not eseape liability for the 
construction or maintenance ot a sewage 
disposal plant constituting a nuisance, 
whether on the theory of public neces 
sity or statutory authorization, is upheld 
in 18 jurisdictions including Nebraska 
in Hall vs. Friend (1938) 134 Nebr. 652, 
279 NW 2nd 346. 


In Nebraska, the Supreme Court be- 


ginning back 1878—Davis vs. Lond- 
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green, Vol. 8 Nebraska Reports 43; 
Barton vs. Union Cattle Company, 44 
NW 454 (1889); Abraham vs. City of 
Fremont, 74 NW 834 (1898); Todel 
vs. City of York, 92 NW 1040 (1902) ;: 
and Hall Friend, 279 NW 346 
(1938) have had under consideration 
and for determination various phases 


Vs. 


of sewage disposal problems. 


A Sewage Treatment Plant per se or 
per accidens is not a Nuisance 


Lest an impression may be left that 
sewage disposal plants are per se or 
per nuisance, the courts 
seem to uniformly hold they are not. 
Beginning with the construction of the 
modern systems of septic treatment at 
a plant built in 1894 in Urbana, [h- 
nois, with a first installation of an Im- 
hoff plant in Philadelphia in 1911 and 
the continual advance in the use of 
scientific for the treatment 
and disposal of sewage, although of 


aecidens a 


methods 
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that such a plant is a nuisance per se 
is unwarranted (18). 

Most courts have taken the view that 
injunctive relief against proposed con- 
struction and operation of a sewage 
disposal plant does not appear war- 
ranted on the grounds of anticipatory 
nuisance (19), 

The manner of operating a sewage 
disposal plant may constitute a nui- 
sance and in that connection the over- 
whelming weight of authority is: 


therefore, with the broad 
question whether a sewage disposal plant 


Dealing, 


is a nuisance per se, and taking into 
consideration the already dis- 
in this section, it would 
appear as a general rule that while a 
sewage disposal plant is not per se a 
nuisance, it 


factors 


cussed earlier 


so 


constructed or 
maintained that, through the emission of 


may be 
noxious or disagreeable odors, or through 
the of improperly 
sewage upon land or into a watercourse, 


discharge digested 


it becomes a nuisance in faet or per 
comparatively recent origin, a position accidens (20). 
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DEGRADATION OF CELLULOSE BY 
ACTIVATED SLUDGE TREATMENT 


The disposal of sewage solids is a 
major problem in most communities. 
In metropolitan communities, like Chi- 
and Milwaukee, where ultimate 
disposal requires the production of a 
marketable end-product, any condition 


which affects this marketability agera 


cago 


vates the disposal problem 

Chicago was faced with such a prob- 
Early in 1958, a decided change 
in the physical characteristics of the 
heat dried activated sludge produced 
at the Southwest Treatment Works was 


noted. The material took on a bulky 
quality. 
form, the particulate matter became 


These fibers ‘* balled-up”’ 


Instead of a normal granular 


very fibrous. 
in the mechanical handling devices and 
caused outages of the equipment. They 
also interfered with packaging by jam- 
ming the 
because of the low 

ratio, it often 
standard size bags. 


packaging machinery and 


weight to volume 
was difficult to use 

Examination of this fibrous material 
indicated that it was largely cellulose. 
Ilowever, the trouble disappeared after 
6 or 8 weeks and nothing was done at 
the time to determine the cause or to 
develop a remedy. 

There were several possible reasons 
for the appearance of this “‘fluff’’ and 
several theories were advanced for its 
The 


which 


resistance to treatment most 


plausible theory Was one took 
into consideration temperature change 
and its effect on biological action. 


In order to develop this theory, a 
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A. J. Beck is Assistant D ‘tor of 

tories, E. Sakellario i 

Chemist, and M. Krup 
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Sanitary 


E. Hurwitz, A. J. Beck, E. Sakellariou, and M. Krup 


reliable method for the determination 


of cellulose in solids was de- 
veloped. This 
the method of 
lekian (1) 


Cellulose is a reeular constituent of 


sewave 
was a modification of 
Waksman Heuke- 
which is deseribed later. 


and 


domestie sewage but few references are 
found in literature relating to its con- 
Heukelekian and Bal- 
reported ».6-per cent cellulose 


tent in sewage. 
mat 
in the particulate matter of 
and per 
Met- 
estimated that out 


sewage 


under winter conditions 
cent under summer 
calf and Eddy (3 


of a total of 183 : 


conditions. 


cap for residential 
sewage, 20 ¢ are cellulose in the form 
of newspaper and toilet paper. Gen- 
erally cellulose, 
attention in sewage treatment. 


as such, receives little 
This is 
so because much of it is easily settled 
out in preliminary settling tanks and 
because it does not impose a significant 
load on biological treatment processes. 


It may even be looked upon as bene- 
ficial in that it forms a matrix on which 
the zoogloea. responsible for biological 


treatment, build. 


Seasonal Influence on Cellulosic 
Content of Activated Sludge 


The eXCeSSIVe fibrous condition of the 
dried activated sludge which was first 
noted in January of 1958, reappeared 
in 1959 with 
In October of 
that year regular analyses for cellulose 


at about the same time 


even greater intensity. 


of the feed to the vacuum filters (re- 
turn started 

method this 
These analyses were continued through 


sludge) was using the 


developed for purpose. 
a complete cycle of a year to observe 
the seasonal influence on cellulose con- 
tent (Table I 
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CELLULOSE 


The cellulose content increased grad- 
ually from 1.0 October 
1959 to 3.55 February 
1960. At this time the dried sludge 
again became light and fluffy with ac- 
companying cellulosic material. The 
conditions improved slowly in March 
and April. 


per cent in 


per cent in 


In May, the cellulose in 
the dried sludge was reduced to 1.57 
per cent and it was again suitable for 
marketing. During July, August, Sep- 
tember, and October the cellulose con- 
tent continued to decline, to the lowest 
value of 0.61 per cent. 

With the of colder weather, 
there was a gradual rise to a maximum 
of 2.46 cent in February 1961, 
followed by gradual decline to 1.82 per 
cent in March 1961. The change in 
cellulosic content was accompanied by 
changes in weight-volume ratio of the 
dried sludge which was inversely pro- 
portional to the amount of cellulose. 


onset 


per 


Seasonal Variations in Cellulose 
Content in Raw and Settled 
Sewage 
At the same time the seasonal varia- 
raw and 
the four Sanitary 


tions in cellulosic content in 


settled sewage at 


District sewage treatment plants was 
investigated (Table IT). 

The cellulose content of the raw 
sewage at the Southwest Plant is rea- 


TABLE II. 


Year Mont! 


Raw 


Raw 
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Cellulose in Wastewater Treatment Plants 


Settled 
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TABLE I. Per cent Cellulose in Filter Feed 
(Return Sludge) 
Month ‘ fe) Fey 
1959 Oct. 1.04 
Nov. 1.30 60 
Dec. 1.03 
1960 Jan. 2.19 53 
Feb. 3.55 30.9 52 
March 3.17 30.3 52 
April 2.64 34.6 57 
May 1.57 37.6 63 
June 1.11 30.0 69 
July 0.71 10.8 74 
Aug. 0.70 11.3 77 
Sept. 0.73 76 
Oct. 0.61 10.0 42 
Nov. 0.91 38.6 
J Dee. 1.36 38.1 D4 
1961 Jan. 34.0 53 
Feb. 2.46 33.4 54 
March 1.82 37.2 


sonably constant in the range of 4.5 to 
6 per cent. The same constancy is true 
of the West Side Plant, but at a higher 
value, 6 to & per cent. The reverse is 
true for the settled sewage. The long 
settling period (2!5 hr) in the West 
Side Imhoff tanks removed appreciably 
more cellulose than was removed dur- 
ing the short settling (30 min) pro- 
vided by the primary tanks at the 
Southwest Plant. 
to be any significant seasonal variation 


There does not seem 


Calumet 


Return 
Sludge 


Return 
Settled Sludge 
0) (%) (%) (%) 


Settled 
) i‘ ) 


1960 June 6.54 37 1.11 7.05 2.96 
July 0.71 1.25 5.14 448 +48 3.22 1.66 1.06 
Aug. | 2.71 1.91 0.70 | 7.70 | 2.04 5.44 3.65 | 2.57 4.79 | 2.75 1.91 
Sept. 4.30 3.45 | 0.73 | 6.52 1.90 8.61 6.51 | 3.11 6.39 4.08 1.62 
Oct. 1.3 2.57 | 0.61 5.54 1.01 | 11.21 | 10.11 | 3.30 8.35 4.83 1.80 
Nov. 4.79 41.34 0.91 5.34 1.39 | 11.68) 7.11 3.78 7.23 | 5.46 1.36 
Dec. 5.26 1.06 1.36 8.51 2.44 | 10.97 | 9.72) 5.26 8.60 8.30 2.68 
1961) Jan. 5.73 5.11 222 6.98 | 2.00 13.52, 9.69 6.99 9.92 | 7.66 | 4.84 
Feb 6.11 1.74 2.46 | 8.11 2.94 | 12.74 | 10.16 | 8.87 | 10.55 | 8.19 | 7.54 
Mar j 1.37 1.8: ce ; 8.80 6.72 4.90 


* Filter feed and sludge 


return are identical at the Southside Plant. 


i 
Southwest West North 
ilter 
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TABLE III.—Effect of Temperature on of cellulose under aerobic sewave 
Sludge Degradation treatment processes. 

Observations of the seasonal changes 

lids =i in the cellulose content of the sludges 
(hr) ee ' at the three activated sludge plants of 
0 53 55 205 99) the Metropolitan Sanitary District of 
72 53-55 5,23 4 25 6.7 Greater Chicago indicate definitely that 
96 53 59 7.94 19.9 cellulose is degraded under aerobie 
fs conditions. These results are shown 
96 73 74 105 a7 7 for the Southwest, North Side, and 


Calumet plants in Table II. At each 
plant there is an appreciable reduction 
in the raw or settled sewage at these in cellulose content by aerobic treat- 
plants. Ilowever, at the North Side ment. The cellulose reduction falls off 
and at the Calumet plants there are markedly during the cold months and 


marked seasonal variations in the cellu- gradually recovers as the warm season 
lose content of the raw and settled sew- approaches. This indicates that tem- 


ages. The winter sewages contain twice perature is the environmental factor 
as much as the summer. These sea- limiting the activity of the cellulose 
sonal variations are also reflected in degrading organisms. 
the sludge return solids at the South- The effect of temperature was fur- 
west, North Side, and Calumet plants. ther established by laboratory experi- 
; : ments in which mixed liquor sludge 
Degradation of Cellulose in the solids were aerated in parallel units at 
Activated Sludge Process temperature ranges from 53 to 55°F 
There is an abundance of literature and 73 to 74°F (Table II] 
concerning the decomposition of cellu- In the 53 to 55°F range only 6.7 per 
lose in nature. The bibliographies in cent of the cellulose originally in the 
the work of Siu (4) are replete with sample was degraded after 72 hr com- 
reference to cellulose degradation in pared with 86.9 per cent in the 73 to 
the soil and in textiles but only passing 74°F range. After 96 hr aeration the 
reference is made to degradation in reduction in the 53 to 55°F series in- 


sewage. This reference is to the work creased to 19.9 per cent. In the 73 to 


of Buswell and Boruff (5) and Heu- 74°F range the reduction increased 
kelekian (6) and concerns degradation only slightly in the interval between 
under anaerobic conditions. Little ap- 72 and 96 hr. It is apparent that the 


pears to be known about the behavior inhibiting effect of low temperature 


TABLE IV.—The Effect of Sludge Concentration on Cellulose Degradation 


Mixed Liquor Cellulose in DO 

Solids Return Sludge Mixed Liquor 

days 
me i) 
Year Monti 
rank Series lank Series lank Series lank Series 
B \ ( B \ ( B \ ( B \ ( 

1960 | Nov. | 2,267 | 2,914 4,093 4.4 5.8 8.2 1.29 | 1.10 | 0.88 5.9 1.6 bs 
i Dee. 2.310 2.520 3.940 1.6 5.4 7.9 L.&Y 1.64 1.03 7.0 6.3 6.5 
1961 Jan. | 2,627 3,001 | 4,125) 5.2 6.0 8.2 3.45 > 40 1.53 7.1 6.3 6.3 
Feb. | 2,517 2,850 3,899, 5.0 5.7 7.8 | 3.34 | 3.06 | 2.07 7.2 5.1 6.2 
J Mar. | 3,300 | 3,670 3,980) 6.6 1.0 re) 2.09 | 2.59 1.49 6.9 5.5 6.3 


: 
3 
j 
? 
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was rapidly overcome by the mass of 
organisms (5,000 mg/l] aeration solids). 
The rate of cellulose degradation in- 
creased from 2 per cent per day during 
the first 72 hr to 13 per cent per day 
during the next 24 hr. This rapid in- 
crease in rate of cellulose degradation 
would) probably continue until the 
available cellulose was exhausted. The 
high reached the 
point of no return within the first 72 
hr at a rate of 29 per cent per day and 
then practically ceased. 


temperature series 


The easily as- 
similated available cellulose apparently 
was used. 


Mixed Liquor Solids Concentration as 
a Factor in Cellulose Reduction 


The effect of mixed liquor solids con- 
centration on cellulose degradation was 
further borne out by plant-scale experi- 
ence, For a period of several months 
during the 1960-61 winter season, each 
of the series of aeration tanks at the 
Southwest Plant was held at a different 
aeration mixture concentration. Tank 
series A was held at 2,500 to 3,000 
Tank series B at 2,000 to 2,500; 
3.500 to 4,000. 
Cellulose content of the return sludge 
was determined at 

Table IV). 

Tank series C with the highest solids 
in the mixture consistently 
showed lowest 


mg/l: 
and Tank series C at 


regular intervals 


aeration 
the content ; 
Series B with the lowest aeration solids 
had the highest cellulose content; and 
Series A with the intermediate aeration 
solids showed a 


cellulose 


cellulose content be- 
tween that of C and B. 

These results indieate that cellulose 
degradation by activated sludge is in- 
creased proportionally to the mixed 
liquor suspended solids concentration. 
Since the MLSS concentration deter- 
mines the sludge age, degradation is a 
function of the sludge age. The longer 
the solids are retained in the system, 
the greater will be the degree of cellu- 
lose degradation. The tests also indi- 
cate that the effect of low temperature 


on the activity of cellulose degrading 
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organisms can be overcome by increas- 
ing the mass of organisms. 


Determining Cellulose in 
Sewage Sludges 


The method used for the determina- 
tion of cellulose was a modification of 
one developed by Waksman and Heu- 
kelekian (1) for cellulose in soils. 

Cellulose, acting as a weak acid, 
forms soluble copper complexes with 
cupric hydroxide in alkaline solution. 
On acidifying, the mixture and dilut- 
ing cellulose, is precipitated. This 
principle is made use of in the separa- 
tion of cellulose from protein and other 
impurities. 

Schweitzer reagent, cuprammonium 
hydroxide solution, is an excellent sol- 
vent for cellulose. Tests with the eom- 
mercially prepared reagent gave un- 
reliable results. 
with a 


After experimenting 
number of methods for the 
preparation of the reagent, one was 
developed which was rapid, effective, 
and produced consistent results. This 
is described under the paragraph on 
preparation of reagents. 

Other problems that required solu- 
tion before final acceptance of a method 
for cellulose determination were inter- 
ference by the high protein content in- 
herent in sewage sludges and_ inter- 
ference by iron complexes occurring 
naturally or introduced as condition- 
ing agents during processing. 

Protein interference can be elimi- 
nated by preliminary treatment with 
caustic soda before addition of the 
Schweitzer reagent. Preliminary treat- 
ment with hydrochloric acid removes 
the interference by iron compounds. 

In order to obtain a sufficient quan- 
tity of solids from raw and settled 
sewages it is often necessary to process 
as much as 10 gal of the material. The 
use of a high-speed centrifuge, operat- 
ing at 50,000 rpm and exerting a force 
of 62,000 G, eliminated long and tedi- 
ous filtration. The centrifuge is the 
key instrument which made possible 
the analysis of raw and settled sewage. 
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It decreased very significantly the time 
required for analyses and made pos- 
sible the analvsis of the large number 


of samples required for this study. 


Method 
1. General discussion 


The 
pends on its reaction with cuprie hy 
droxide to 
copper complexes from which it can 
be precipitated with dilute acids or 
alcohol. 


determination of cellulose de- 


in alkaline solution form 


2. Reagents 


2.1. Schweitzer 


of cupric hydroxide to 4 |b 


Add 11 ¢ 

1.816 ¢ 
of 29-per cent ammonium hydroxide, 
C.P. Shake on mechanical shaker for 
lt, hr. 100 ml of the 
solve 0.5 2 
2.2. Concentrated sodium hydroxide 
D0 per cent. Dissolve 500 @& of NaOH 
in distilled water and dilute to 1 1. 


reagent. 


reagent will dis- 


of cellulose (as filter paper 


Alcohol solution. s{) per eent 
ethyl aleohol (Solox 
2.4. Hydrochloric acid. cone Sh. to 


cent C.P. 

2.5. Hydrochlorie acid, 1.25 per cent. 
Dilute 12.5 ml HC] 
to 11 with distilled water. 

2.6. Antifoaming 
Armour Defoamer 
portion of 1 part 
water. 


35 tO S8-per cent 


Dilute 
in 


agent, 
RD-2935-K 


defoamer to 


pro- 
5 parts 


3. Procedure for return activated 
sludge and mixed liquor suspended 


solids 
3.1. Determine 


sentative sample of sludge 


total solids on repre- 


3.2. Measure out an aliquot contain- 
ing approximately 0.1 to 0.3 ¢ of cellu- 
lose into a 500-ml iodine flask (Pyrex 
No. 5400) and dilute to 200 ml 

3.5. Add 1.25 ml of 50-per cent 


NaOH and 5 ml of antifoam 


wt. dried 


Per cent cellulose 


JOURNAL 


residue 
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3.4. Boil for 45 hr using reflux con- 
denser to prevent loss of solution. 

3.5. Cool, transfer to centrifuge 
bottle (Pyrex No. 1280, 500 ml add 
300 to 400 ml distilled water, and cen- 
trifuge for 20 min at 1,800 rpm. 

3.6. Wash with 300 to 400 
ml distilled water (breaking up solids 
with policeman 


Decant. 


, and centrifuge again. 


3.7. Deeant. Add 100 ml Schweitzer 
reagent breaking up solids with 
policeman) and shake in mechanical 


shaker for one hour. 


3.8. Centrifuge. Decant liquor into 
another centrifuge bottle containing 
500 ml of 80-per cent ethyl alcohol 
Solox Stir and allow to stand for 
hr. 

3.9. Centrifuge. Decant. Wash pre- 


cipitate with 1.25-per cent ICI 
Ing 


break- 
up precipitate with policeman 
until the blue copper color of the pre 
cipitate has completely disappeared. 
3.10. 
cible 
2A 
3.11. Wash precipitate with 100 ml 
of distilled water followed by 25 ml of 


alcohol, 


Filter on weighed bitumen eru 
Bitumen, (‘oors, porcelain No. 


3.12. Dry in oven at 108°C and 
weigh, 

3.13. Ignite in muffle furnace at 
600°C and weigh again. 


!. Procedure for raw sewage and set- 


tled sewage 


$1. Centrifuge 5 to 10 gal of sewage 


in super centrifuge. Extract solids 
and proceed as in 3.1. 
». Modification for iron salts 

5.1. Add 2 ml of eone. HC], dilute 


to 200 mil. 
and wash. 


Boil for I, hr. 


Repeat centrifuge and wash 


Centrifuge 


and proceed with 3.3. 
6. Caleulation 


wt. ignited residue 


100 


wt. of sample 


< 
\ 
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Accuracy of the Determination 


Analyses were made to determine the 
efficiency of cellulose recovery and re- 
producibility of results. Recovery of 
cellulose was 97.5 and 98.0 per cent in 
two tests, and the reproducibility was 
high in all duplicate tests. 


Summary 


1. A method was developed to aeceu- 
rately determine the cellulose content 
of sewage sludges. 

2. Cellulose is degraded under aero- 
bic conditions by sewage treatment de- 
vices. 

3. Organisms responsible for aerobic 
degradation of cellulose are sensitive 
and are in- 
their activity during the 
months. As the weather and 
sewage warm up, biological activity of 


to temperature changes 
hibited in 


winter 


these organisms increases, and the rate 
of cellulose degradation increases. 

$. Because of reduced organism ae- 
tivity during winter months, heat dried 
activated sludge contains a high pro- 
portion of cellulosic fibers. These 
mechanical troubles as well as 
making the product unmarketable. 

if 
the temperature of the incoming sew- 


cause 
is recognized that controlling 


age in a large plant is not economical. 
Ilowever, the mass of organisms held 
in the system can be controlled. 

6. Controlling the mass of organisms 
MLSS) at a high level (4,000 mg/l) 
successfully kept the cellulose content 
below the value which produces a fi- 
brous product. 
mass of 


7. Controlling the organ- 


isms: (@) furnished sufficient numbers 
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to overcome the effects of low tempera- 
ture, and (b) retained the solids in the 
system longer thus providing more 
time for degradation. 
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ORLON * MANUFACTURING 
WASTES TREATMENT 


Du Pont has been aware for a long 
time of its 


water and air pollution at 


responsibility to control 
its plant 
The company ’s attitude is best 
summarized in a adopted 
by the Executive Committee in Auecust 
1938 which states that pollution abate- 
ment is a subject 


sites. 


resolution 


of major im- 
portance and one which should receive 
continuous study of the same type as 
is applied to safety work and fire pro- 
tection.”’ This policy has a bearing on 
plans for new plant construction and 
the development of new processes in 
that neither is considered complete un- 
less it includes adequate waste disposal 
or treatment facilities. In executing 
this policy du Pont has spent or au- 
thorized $56 million at its plants for 
equipment and revisions to 
reduce or eliminate 
In this paper are described the situa- 
Waynesboro, Va., 


plant and the measures taken to pre- 


pre 


waste and fumes. 


tion existine at the 


vent the occurrence of additional pol- 
lution from the operation of a new 
large facility for manufacturing Orlon. 


Plant Location 
The Waynesboro Works 
of E. I. du Pont de 


* Du 


aervlie fiber. 


Figure 
Nemours & (Com- 


Pont’s registered trademark for its 


E. Folger Taylor and George C. Gross are 
staff members of the Textile Fib Depart 
ment, E. I. du Pont de Nem SG Cc 
Waynesboro, Va.: Frank 17 Bodurtha and 


Robert F. Rocheleau are from the Engineering 


Service Division, Engineering D Partment of 
the same company, Wil Del, The 
paper was presented at the l Ay al Meet 
ing of the Water Pollution Control Federation 
in Philadelphia, Pa., October 2-6, 191 


E. Folger Taylor, Frank T. Bodurtha, Jr., 
Robert F. Rocheleau, and George C. Gross 


pany is located near Waynesboro, Va.. 
Just west of the Blue Ridge Mountains. 
on the headwaters of South Fork of 
the Shenandoah River. 

The 
single-fiber plant manufacturing cellu- 
Over the 


works started in 1929 as a 


lose acetate. years it has 
grown into a large manufacturing com- 
plex producing two fibers 
acetate fiber, 


Orlon. 


a cellulose 
Acele,t and aerylie fiber, 


River Data 


The particular stream on which the 
works is called the South 
2 It joins the North 


Rivers 23 


located is 
(Figure 
Middle down- 
stream from Waynesboro to form the 
South Fork of the Shenandoah River. 
The South River runs throueh the 
center of the City of Waynesboro and 
is the receiving stream for all of the 
domestic and industrial wastes of the 
community. 


River 


and miles 


The watershed above the 
plant amounts to 144 sq miles of mostly 
wooded, The 
level river bottom lands are intensively 
farmed, 


mountainous terrain. 


The average discharge in the river 
for the period 1928-50 was 145 «fs: 
the 10-yr reeurring 7-day minimum 
natural flow is 26 cfs: and the 10-yvr 
recurring 7-day minimum flow below 
Waynesboro after ground-water addi- 
tions is 52 efs. 

BOD and oxygen data are given in 
Table 

Pollution Situation 

At the time the Virginia State Water 

Pollution Control Act 


Was passed in 


+ Du Pont’s 


acetate varn. 


registered trademark for its 
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FIGURE 1.—Aerial view of Waynesboro Works. 


wastes from the 


untreated domestic 
In 1948 a coopera- 


entire community. 


1946, the South River below Waynes- 
tive study by the industries of the area, 


boro was grossly polluted as a result of 
receiving all the industrial waste and 


Cumberland 


Penns ylvania_ 
vage River Mary larid 


Luke 
Worth ¢ South Frederick 
Branches of 


Petomac River 


Petersburg 
Washington 


North River 
Anddle River North § South 
/ Branches of 
South River Shenandoah River 
Waynesboro Complete 
Pollation Recovery Point 


FIGURE 2.—Location of Waynesboro pollution in relation to Potomac River basin, 
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TABLE I.—South River Calculated Assimila- 


tive Capacity at 25°C * 


Flow leaving 
Waynesboro (cfs 
10-yr, 7-day 


BOD (lb, day 


1.000 

3,300 

8,500 

10,500 

* Method of Churchill and Buckingham 
t cfs, 50 per cent of time 


t efs, U.S.G.S. mean 


the City of Waynesboro, and the State 
of Virginia was made to determine the 
extent of the problem. 
showed that du Pont’s BOD load to 
the from the cellulose acetate 
manufacture, the only fiber being made 
at that 13,300 Ib/day 
and cent of the 
Since then the 
plant’s load has been reduced by more 
than 


This study 
river 
time, averaged 
represented 70 per 
total community load. 
7) per cent. The maximum dis 
charge in terms of BOD now amounts 
to 4.000 Ib day In 1955, 
with the City of Waynesboro’s con 


concurrent 


TABLE II. 


Solvent recovers 
heads 


Vapor containing 
99.6% H.O, 0.3°; 
DMA and 0.1% 


Acrylonitrile re 1) Liquid at 107°C 


covery col. tail Inorgani salts 


Organics present as 


acrvio- 


Miscellaneous 


wastes 


Liquid at ambient 
temperature 

Inorganic salts 
Org 
methylformamide, di 


acid 


lish solution 


JOURNAL 


DMI 


ganics present as di 
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struction of a complete treatment 
plant, du Pont separated its sanitary 
wastes from its industrial 


built a connecting sewer to the city 


wastes and 


system. 

The South River is now a much im- 
proved stream as a result of the efforts 
of the users of the river to reduce their 
BOD during very 
iiry periods the assimilative capacity 
of the river is too small to permit the 
expansion of old or 


loads. Llowever, 


building of new 
plants that would result in any appre- 
ciable addition to the BOD load of the 
river. Thus, when plans were made 
to construct a plant to manufacture 
Orlon acrylic fiber it was necessary to 
build extensive waste treatment facil- 
ities to meet the requirements of the 


Virginia State Water Control Board. 


Determination of Wastes 


Planning for the waste disposal fa- 
cilities with a study of the 
Wastes occurring at the May Plant in 
Camden, S. © Pont was 


already manufacturing Orlon acrylic 


began 


where du 


Orlon Plant Wastes 


1 


4 ; 
DO Content 
at Bag Point 
me i 
4 
J 
aks 
: 
ae 
Sou 
Bop 
Ave (gpm) May th tb ‘da 
4 
|. 
acrvionit 
nitrile reaction prod- 
ucts 
120 
(900 1.300 
a) 
— 
1,500 
| 
; 
fir 
100 
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fiber. The major sources of wastes, the 
waste loads and characteristics deter- 
mined by the study are given in Ta- 
ble II. 

The dimethylamine in the solvent 
recovery heads is an odoriferous com- 
pound having the characteristic fishy 
smell of amines. Its threshold odor 
has been determined to be 0.6 ppm by 
weight. 

After considering alternative meth- 
ods of disposal the choice was made to 
develop a method to destroy completely 
the organics in the solvent reeovery 
heads, to eliminate any possibility of 
air pollution as well as its BOD poten- 
tial, and to investigate treatment of the 
remainder of the wastes by a biochem- 
ical oxidation process. 


Disposal by Catalytic Combustion 


The solution to the heads odor and 
BOD problem was achieved by a com- 
bination of direct and catalytic com- 
bustion (2). In catalytic combustion 


the organics in the heads are oxidized 
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TABLE III.—Typical Column Heads 
Combustion Data 


DMA (ppm/ wt) 


Combustion Temp, Red. 
Entering Cond. Catalyst VA) 
Heads Heads Exhaust 
Gases 
Direct 335 2,600 400 85 
438 | 2,800 800 12 
Dir. and 
catalytic) 27 | 2,700 6.0 99.8 
29 | 2,690 1.0 
32. 2,800 10.0 99.6 


in thé presence of a catalyst at tem- 
peratures below the auto-ignition tem- 
perature and in concentration less than 
the lower explosive limit. The initial 
experimentation was on a small unit 
which used a platinum eatalyst sus- 
pended on inert wires (3). These ex- 
periments proved that the organics in 
the heads could be oxidized sueccess- 
fully at catalyst temperature of about 
300°C, so a larger test unit was used 
to develop more complete data. Typ- 


5 
») COMBUSTION CHAMBER THERMOCOUPLE 


j 3 
DISCHARGE CHAMBER rw 
THERMOCOUPLES i 
c= 7 > CATALYST BED 
BURNERS in 
[ro stack | 
HEADSIN 


MIXING 
| CHAMBER 


TEMPERATURE 


LOCAL CONTROL 
PANEL 


INDICATES & RECORDS IN COLUMN CONTROL ROOM 

i 8B) INDICATES @RECORDS; ACTIVATES COLUMN SHUTDOWN 
INTERLOCK (HIGH & LOW TEMP) IN COLUMN CONTROL ROOM 

Cc) INDICATES & SHUTS DOWN COMBUSTION UNIT AT PRESET HIGH 


FIGURE 3.—Schematic plan of commercial catalytic combustion installation, 


D) INDICATES, & RECORDS “TEMPERATURE; CONTROLS FUEL SUPPLY 
TO MAINTAIN PRE-SET TEMPERATURE 

INDICATES OVERIDES 0 TO AVOID EXCESS TEMPERATURE IN 

COMBUSTION CHAMBER DURING UNIT START-UP 


2 
/ 
-- 
IN HEAT EXCHANGER ——} 
i 
> 
_ 


LOSO 


FIGURE 4.—Catalytic combustion 
installation. 


ical combustion data are given in Ta- 
ble IIT. 

The reduction of DMA to less than 
10 ppm by weight requires 5 to 6 
times the stoichiometric quantity of air 
needed for Calculations 
showed that by discharging the com- 
bustion products from a 90-ft stack the 


DMA 


combustion. 


concentration of would be re- 


duced below the threshold odor con- 
centration. The commercial installa- 
tion, therefore, was designed with a 


100-ft stack. 
Figure 3 is a schematie diagram of 
the commercial installation. A 


ture of 


mix 


combustion air and heads is 


passed through a heat exchanger into 
thence 


the direct combustion unit. 


a mixing chamber and across 


The frases 
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at about 310°C are then forced through 
the catalyst bed, where a temperature 
rise of about 5°C 

The hot then 
heat exchanger tubes, giving up heat 
to the and 
charged through the stack. Control of 
the unit and safety of operations are 


normally occurs. 


gases pass over the 


entering gases, are dis- 


achieved by a system of thermocouples. 
If the temperature goes either too high 
or too low, both the catalytic combus- 
unit and the distillation 
are shut down automatically. 

ting down the distillation 
feed is eut off, heat to the column is 
shut off, and the water supply to the 


column 
In shut- 
column the 


tion 


condenser is opened wide. 

is an outside view of the 
unit with its 100-ft 
This unit has operated successfully for 


Figure 4 
commercial stack. 
more than two vears using the original 
catalyst and has achieved the objective 
of burning the organics in the heads 
without BOD 
problem, 


creating an odor or a 


Disposal by Biochemical Oxidation 


On the basis of the studies at the 
May plant it planned to treat 
about 5,000 Ib BOD/day by a biochem- 


ical 


Was 


time 
did not permit extensive study of all 


oxidation process. Because 


waste treatment possibilities it was 
decided to investigate specifically the 
feasibility of an activated sludge waste 
treatment plant. From the study it 
was shown that the wastes were treat- 
able by an activated sludge process and 
the optimum pI and waste concentra- 
tion were established to maintain the 
biochemical reaction at the maximum 
rate. 

A relationship was established be- 
BOD 
organic loadings of the aeration tank; 
the effects of 


amounts of 


tween reduction efficiency and 
normal 
dimethy! 
were 


vreater than 
acrylonit rile, 
investi 


fol- 


formamide, and finish 


vated. The studies showed the 


lowing: 


. 
: 
> 


1, The wastes contained a large ex- 
cess of nitrogen. The BOD to N ratio 
was found to be about 6 to 1.) This 
pointed to the possibility that sludge 
settling problems might be encountered 
in the sludge settling step due to de- 
nitrification (4) (5) (6). 

2. The wastes became increasingly 
acid during the course of oxidation, 
requiring the addition of lime to the 
system (7). 

3. Supplemental nutrients the 
form of phosphoric acid and trace 
minerals would have to be provided. 


Data on oxygen requirements, sludge 
production, and temperature effects 
were not determined. Normally such 
a laboratory study serves as a basis of 
design for a waste treatment pilot 
plant. In this instance, however, the 
final design was based on the labora- 
tory studies whenever pertinent data 
were available, and when not available 
was based on information obtained 
from the literature or from the engi- 
neers’ best judgment. The experimen- 
tal studies began in late August 1956. 
Completion of the construction of the 
waste treatment plant was scheduled 
for December 1957. 

The high temperature of the wastes 
offered the possibility of obtaining 
higher organic waste loadings per unit 
volume of aeration tank for a given 
degree of waste reduction (8). Pub- 
lished studies on the temperature effect 
on the activated sludge process indi- 
cated that maximum biological activ- 
ity usually occurs between 86°F and 
104°F. Sawyer and Bradney (6) indi- 
cated that increased temperatures ag- 
gravated the sludge settling problem 
when high nitrogen wastes were in- 
volved; however, the effects of tem- 
peratures above 75°F on denitrification 
had not been explored. It was decided 
that the advantages of operating at 
elevated temperatures outweighed the 
disadvantages, so for plant design an 
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allowable temperature range of 85°F 
to 95°F was prescribed. 

Beeause of the limited scope of the 
development work, a reasonable mar- 
gin of safety had to be incorporated in 
plant design to insure that higher 
plant waste BOD loadings than antic- 
ipated from waste estimates at the 
May plant could be handled if need be, 
and to provide some cushion for the 
many process unknowns. Sufficient air 
was provided to satisfy a BOD loading 
about 25 per cent higher than that 
expected and a safety factor of about 
40 per cent was provided in clarifier 
design. 

The aeration tanks were — sized 
strictly on the basis of the experimen- 
tal organic loading studies. These 
data were secured at room tempera- 
ture. The higher waste loadings that 
could be obtained at the higher design 
operating temperatures were consid- 
ered to be an adequate safety factor. 

Because of high salts concentration in 
the waste, concrete was not considered 
to be a satisfactory construction mate- 
rial due to severe corrosion problems; 
hence, the initial idea of using conven- 
tional long, narrow, flow-through-type 
aeration units made of concrete was 
abandoned. Corrosion studies and cost 
comparisons of various materials led 


TABLE IV.—Design Criteria for 
Activated Sludge Plant 


Item Design Criteria 
General 
Raw waste flow 252,000 gpd 
Raw waste BOD 5,000 Ib/day 
Dilution water flow 504,000 gpd 
Temperature 85-95 °F 


Aeration Tank 


BOD loading 0.4 Ib/day/Ib MLSS 
MLSS concentration 3,000 ppm 
O, uptake rate 24 mg/hr/gr MLSS 


Clarifier 


Surface overflow 540 gpd/sq ft 
Detention time 2 hr 
Return sludge flow 10-50°;, of raw waste 


and dilution water 
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FIGURE 5.—Schematic of Waynesboro Works Orlon waste treatment flow. 


to the selection of round, Hypalon * 
lined, steel tanks equipped with tur- 
bine aerators, which provided for 
a homogeneous sludge-waste mixture. 
These units had been piloted but had 
never 


vated 


full-scale aeti- 
The final plant 
layout was made to provide easily for 
future expansion 

The 
plant size 


Table IV. 


been used in a 


sludge plant. 


which the 
given in 


design criteria on 


was based are 


Description of Activated Sludge Plant 


A flow activated 
sludge plant is shown in Figure 5. 

The recovery 
tailwaters, which contain the bulk of 
the plant BOD and are 107°C, are 
to 30°C to 35°C im a 


diagram of the 


acrylonitrile column 


cooled wooden 
cooling tower before discharging to two 
equalization tanks, which level out var- 
lations in waste flow and character- 
istics. 

The miscellaneous 


which 


process wastes, 


and 
composition, are discharged to a sepa- 


have widely varying flow 


* Du 
synthetic rubber. 


Pont’s reg | trademark for its 


rate tank for blending before being 


pumped to the 
final blending 
covery 


equalization tanks for 
with acrylonitrile re- 


column tailwaters ahead of 
processing, 

The waste mixture from the equali- 
tanks to the process at a 
relatively constant flow rate. 

At the 
dilution 


waste 


zation 


mix tank, process wastes, 


final 
concentration 


water for temperature 


and adjustment, 
and phosphoric acid nutrient are thor- 
oughly mixed. The original 


provided for the return seed sludge to 


design 


be returned to the mix box: however, 
after operations started piping changes 
were made to return the sludge di- 
rectly to the aeration tanks to avoid 
temperature shocks. 


The 


final 


source of dilution water for 


temperature and waste concen- 


tration adjustment is 65°C condenser 
water from acetate plant manufactur- 
ing operations. For plant design this 
was the only available source of water. 
A second cooling tower had to be pro- 
vided to reduce the temperature of this 
stream going to the mix box. 

From the mix box, the prepared 
wastes flow by gravity to the aeration 
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tanks and then to the clarifier. The 
piping is such that the plant can be 
operated in parallel, series, or two- 
stage, 

Clarifier overflow is normally dis- 
charged to the river. Pumps have been 
provided, however, to recirculate the 
effluent back to the mix box. 

Excess sludge goes to an aerated 
sludge storage tank. This acts as a 
reservoir of fully acclimated seed 
sludge which can be used to reseed the 
main aeration tanks in the event that 
process upset kills the microorganisms 
in the aeration tanks. 

The sludge from the sludge storage 
tank goes periodically to an earthen 
lagoon. The supernatant liquor from 
the lagoon is pumped back to process. 
Design plans contemplated that the 
sludge would be removed periodically 
from the lagoon. Final disposition 
would be spraying on plowed ground 
on company-owned property. 

Figure 6 is a cross-sectional diagram 
of the main plant units. The two main 
equalization tanks are 63,000-gal stain- 
less steel tanks. These provide for 
12-hr retention for total wastes. The 
impounding tank for miscellaneous 
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wastes is a 90,000-gal mild steel unit 
with an extra allowance for corrosion. 
This provides 24-hr retention for mis- 
cellaneous wastes. The mix tank is a 
1,400-gal IHypalon-lined tank equipped 
with a mixer. 

Each of the aeration tanks is 50 ft 
in diameter, 20 ft high, and of 250,000- 
gal capacity, and lined with Hypalon. 
Each is equipped with three 25-hp tur- 
bine agitators running at a speed of 
120 rpm. Air supplied by an external 
blower is discharged beneath the rotat- 
ing blades of the turbine impellers. 
The turbine aerators were designed to 
transfer 8,000 Ib O,/day for the com- 
bined tanks. 

The clarifiers also are ILypalon-lined. 
Each clarifier is 30 ft in diameter and 
about 9 ft deep, providing a theoretical 
retention of about 2 hr at design flow 
conditions. 

The return sludge pumps have a 
variable capacity from 10 to 50 per 
cent of the design flow. The sludge 
storage tank is also equipped with one 
30-hp turbine aerator. 

Air for the aeration tanks and the 
sludge storage tank is provided by one 
1,500-cfm blower at 10 psig. 
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FIGURE 6.—Schematic of Orlon waste treatment flow. 


AiR 


TO SLUOGE 
(2) STORAGE 


OVERFLOW 
TO RIVER 


hey 
4 
\ 
q 
| 
i eo 
t 
if 


LOS84 


JOURNAL WPCF 


October 1961 


FIGURE 7.—Orlon waste treatment plant. 


Plant instrumentation for measuring 
process waste flows and temperatures, 
and tank levels, is fairly complete. A 
central instrument panel was not pro- 
vided 


automatic control fea 


tures are included in plant design. <A 


and no 


plant operator logs all indicating in- 
struments and replaces charts on re 
routine tour 
When needed, lime iS added by 
hand from 50-Ib bags directly to the 
aeration tanks. 
Figure 7 is an 


completed plant. 


cording instruments on a 


basis. 


aerial view of the 


Plant Start-Up 


Start-up of this plant 
some interesting problems, because an 
unusual had placed 
on the over-all start-up of the Orlon- 
manufacturing plant with regard to its 
This that no BOD-con- 


taining process wastes would be dis- 


presented 


restriction been 


wastes. was 
through 
the waste treatment plant and that the 
waste treatment plant would have to be 
fully operational by the time the first 


charged to the river except 


pound of waste was produced in the 
manufacture of Orlon. Therefore, the 
waste treatment plant would have to 
be started using a synthetic feed of 
AN dimethylforma- 
mide, and finish materials under care- 
fully controlled conditions. 

18-day 


mended by the consultant, the system 


simulated tails, 


Using an program recom- 


was successfully started. The recom- 
mended procedure was essentially a 
large scale-up of the method used by 
Symons ef al. (9) in studying the 
The 


key to the start-up was to use trickling 


treatability of industrial wastes. 


filter humus from the Waynesboro sew- 
age treatment plant and sodium acetate 
as a supplemental feed. 

In addition, seed from the Wateree 
River in Camden, 8. C., which 
already adapted to the wastes coming 
from the May plant for manufacturing 
Orlon, was cultured on synthetie feed 
and added to the system in the ratio of 
one part of cultured seed to four parts 
of trickling filter humus. 


Was 


This assured 
that some adapted organism would be 
present from the beginning. 


- 
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Large amounts (up to 2,000 Ib of 
BOD) of sodium acetate were used 
initially with small amounts of aerylic 
wastes. Over the 16-day period the 
sodium acetate was gradually replaced 
by increasing amounts of synthetic 
acrylic waste. At the end of this time 
the No. 1 aeration tank was at the de- 
sign loading of 2,500 lb BOD/day of 
acrylic waste alone. The No. 2 aera- 
tion tank was started in 10 days by a 
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similar procedure using sludge from 
the No. 1 aeration tank as seed. Fig- 
ure 8 shows the course of the start-up. 


Operating Problems 


The waste treatment plant has been 
in continuous operation since March 
1958. As might be expected, a number 
of operating problems have been en- 
countered. 
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FIGURE 8.—Start-up data for No. 1 aeration system. 
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FIGURE 9.—Input loading vs. air flow for 
0.2 to 1.0 mg/l DO. 
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During start-up it was found that 
the flow did not 
between the two aeration 
parallel operation. Due to the 
ing unbalance in hydraulie and organic 
loading, different 
regimes existed in each of the aeration 
Each 


own peculiar problems in 


waste split equally 
systems in 
result 
entirely biological 
presented its 

BOD oxida- 
tion, sludge evrowth, and sludge settle 
ability. Thus, 
waste treatment plant to contend with, 


systems. system 


instead of having one 
operator attention had to be directed 
to two dissimilar plants. When 
well, the 


system was working other 
would be out of control, and vice versa. 

Initially, this problem was remedied 
by installing two V-notch weirs in each 
clarifier launder and adjusting valves 
in the influent feed to effeet an 


equal split. Was in 


lines 
Later, a pump 
stalled to pump wastes from the mix 
box to one 


aeration svstem equal to 


that flowing by gravity from the mix 
box to the other Sufficient 
head was not available for installation 


of a flow-splitter box. 


system 


One of the most persistent problems 
encountered froth 
tion. <A 
anticipated 
tory studies 


was heavy forma- 


frothing problem was_ not 


from the limited labora- 


Several types of 
effluent 


effective. 


spray 
using 
but 


nozzles 
tried, 


recycled were 
The 
sprays soon plugged and the froth was 
too stable to be 


were not 

beaten down by the 

small volume of effluent used. 
Kerosene and several types of pro- 
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prietary antifoamants were tried with- 
out Kinally, oleic acid was 
found to be effective. fed 
directly to the vave 


SUCCESS 
Oleie acid 
aeration tanks 
good control at dosages of 15 to 30 
mg/l. This agent was comparatively 
expensive and after treatment plant 
operation became more routine efforts 
were directed toward finding a cheaper 
substitute material. 


fuel or a 


Currently, diesel 
fuel and 
This is ap- 


mixture of diesel 
mineral oil is being used. 
plied directly to each aeration tank. 

Denitrification, with its 


sludge 


attendant 
the final 
clarifier, has been controlled by main- 


rising problems in 
taining the dissolved oxygen level in 
the aeration tanks in the range of 0.2 
to 1.0 mg/l and by 
sludge at a high rate. 


recycling return 

Figure 9 shows 
the range of air flows that have been 
found to maintain the dissolved oxygen 
in the aeration tank at the desired level 
when the input COD concentration and 
the ratio of pounds of COD input per 
pound of MLSS the 
level indicated. Of course, denitrifica- 
tion has oceurred. 
the feed to the system is shut off, the 
air supply to the aeration tanks is cut 
back or even shut off, and the settling 
tank 


volatile are at 


When this happens 


underflow 
circulated until all the nitrate has been 
reduced. After 
plant operations are resumed. 


overflow and are re- 


this oceurs, normal 


Despite some anxious moments dur- 


ing plant start-up and periodic dif- 
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FIGURE 10.—Plant performance. 
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ficulties with sludge rising problems, 
plant operation has been eminently 
successful. At a loading of 5,000 to 
7,000 Ib BOD /day, the plant is effect- 
ing a BOD reduction in the range of 
90 to 95 per Figure 10 shows 
the BOD reduction efficiency achieved 
under normal operating loads. 
Particularly the re- 
sponse of this homogeneous-type aera- 
radical variations in 
temperature, feed loadings, and pH. 
Intentional 
2°C'/hr have been made with no visible 
Starvation periods of 
a week were found to have little effect 
on the ability of the system to assim- 
ilate acrylic wastes when the feed was 


cent. 


gratifying is 


tion system to 


temperature increases of 


adverse effects. 


resumed, 

The system has been exposed to pH’s 
from 4.5 to 10.5 for periods of 8 to 
12 hr without loss of the sludge. Un- 
desirable effects at these extreme pH’s 
were loss of protozoa and a drop in 
BOD reduction efficiency. However, 
within 24 returned to 
normal (90 to 95 per cent). 

At a BOD design loading of 5,000 
lb/day, plant performance tests have 
that the transfer effi- 
ciency of the turbine aerators is about 


hr efficiency 


shown oxygen 
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35 per cent and the total power re- 
quired (turbines plus blowers) is 0.30 
kwhr/Ib O. dissolved. Thus, the total 
power requirements compare favorably 
with the more conventional aeration 
devices used in other treatment plants. 
Recently a material balance was 
made on the system covering a period 
of a month. With the system operat- 
ing at 35 to 37°C, and at the design 
loading the sludge growth was about 
0.4 Ib per Ib of 5-day BOD applied. 


Summary 


In building and operating a plant 
to manufacture Orlon acrylic fiber at 
Waynesboro, Va., du Pont has demon- 
strated that by careful planning and 
operating, excessive discharges of or- 
ganic industrial wastes and the result- 
ing pollution problems can be con- 
trolled to meet the needs of the 
location. Disposal of organie wastes 
by catalytic combustion and biochem- 
ical oxidation methods has reduced 
the pollution potential of the process 
from 6,000 to less than 500 lb BOD/ 
day. It was thus possible to manufae- 


ture Orlon acrylic fiber at a site which 
otherwise would have been unsuitable. 


6. Sawyer, C. N., and Bradney, L., ‘‘ Rising 
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To relate du Pont’s waste discharges 
with other wastes discharges to the 
South River in the Waynesboro area, 
it might be well to discuss briefly these 
other sources. 

A textile finishing plant discharges 
approximately 2,000 lb BOD/day di- 
rectly across the river from the du 
Pont plant. Over a period of years 
this plant, through in-process redue- 
tions, has reduced substantially its 
loading to South River. However, the 
exact degree to which it has done so is 
obscured by the fact that this com- 
pany’s early analytical data are found 
to be inadequate. Approximately one 
mile downstream from these sources 
the City of Waynesboro, with a popu- 
lation of 12,000, discharges effluent 
from a secondary sewage treatment 
plant which achieves upwards of. 90- 
per cent BOD reduction. Although 
the industries and the municipality 
have made admirable records regard- 
ing pollution abatement, it is apparent 
that there is approximately twice the 
BOD loading to South River that can 
be assimilated during periods of low 
flows and leave satisfactory levels of 
dissolved oxygen. The author has 
given calculated assimilative capac- 
ities for various river flows using the 
Churchill-Buckingham method. Other 
methods are slightly less optimistie in 
their predictions. 

The Virginia State Water Control 
Law differentiates between those in- 
dustries which were in existence when 
the law went into effect in 1946 and 
those industries which subsequently 
opened in Virginia or expanded their 
operations or employed a new process. 


James I. Otis is Director of Industrial 
Wastes Pollution Control with the Virginia 
Water Pollution Control Board, Richmond, Va. 

The Discussion followed the paper at the 
meeting presentation, 


DISCUSSION 
James |. Otis 


While the opening of a new industry 
does not come under the same section 
of the law as that dealing with new 
processes or expanded operations, the 
treatment accorded them is essentially 
the same. 

An existing industry must be issued 
a certificate to continue waste dis- 
charges for an indefinite period subject 
to any pollution resulting from the 
discharge being abated in accordance 
with decisions made by the Board, but 
a new or expanded industry must, 
prior to starting operation, provide 
adequate treatment facilities. In the 
ease of the Waynesboro area, the only 
new process was du Pont’s Orlon manu- 
facturing operation. Its acetate opera- 
tion, as well as the neighboring textile 
plant, were existing operations under 
the law. 

The Water Control Board has been 
in the process of trying to reduce waste 
loading in this area to the point where 
satisfactory levels of dissolved oxygen 
will be maintained. However, the law 
contemplates that the Board make no 
requirements in regard to existing in- 
dustries which are not feasible and 
practicable of attainment, and _ the 
soard has scrupulously observed this 
provision. 

The Board’s staff has been negotiat- 
ing with both du Pont and the textile 
finishing industry with the ultimate 
aim that the combined BOD waste 
loading of 3,000 Ib/day from du Pont 
and 2,000 Ib/day from the other in- 
dustry may be reduced to a combined 
total of 2.000 Ib ‘day. It is realized 
that this presents some difficulties, in- 
asmuch as du Pont’s acetate operation 
discharges a very high volume of 
wastes with a concentration of only 30 
to 40 mg/l BOD. It is possible that 


the ultimate objective cannot be 
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achieved without undue hardship on 
the industries involved. The staff has 
asked the industries to supply it with 
technical data to show the best they 
ean do toward achieving the objective. 
The results are anticipated in the near 
future. On the basis of evaluation of 
these data the staff will make its tech- 
nical recommendations to the Board 
for appropriate action. 

In relation to du Pont’s Orlon opera- 
tion, the Water Control Board’s staff 
is highly gratified with the competent 
manner in which the company eval- 
uated, designed, and constructed faeil- 
ities for waste treatment in order that 
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adequate treatment would be provided 
from the instant this process went into 
operation. This is the first instance in 
Virginia where a synthetic feed was 
used to start and establish treatment 
processes prior to the receipt of pro- 
duction wastes. It has been interesting 
to note that the company has used tur- 
bines as their means of aeration. There 
are two other industries in Virginia 
using this means. One is a large pulp 
and paper mill, the other a manufae- 
turer of pharmaceuticals. However, 
this form of aeration device was em- 
ployed subsequent to other methods of 
biological oxidation. 


TRAINING COURSES 


The following table lists coming short courses offered by various di- 


visions of the Public Health Service and which are of particular interest 


to those in water pollution control. 


For further information contact 


Chief, Training Program, Robert A. Taft Sanitary Engineering Center, 
4676 Columbia Parkway, Cincinnati 26, Ohio; or a Public Health Service 


regional office. 


Date 


Oct. 16-27 
Oct. 23-Nov. 3 
Nov. 6-10 
Dec. 4-15 

Jan. 15-26 
Jan. 22—Feb. 2 
Feb. 5-9 

Feb. 5-9 

Feb. 12-16 
Feb, 26—Mar. 9 
Mar. 12-23 


cal Health Laboratory in Rockville, Md. 


Course Title 


Plankton Identification and Control 

Basic Radiological Health 

Radioactive Pollutants in Water 

Chemical Analyses for Water Quality 

Basic Radiological Health 

Bio-oxidation of Industrial Wastes 

Recent Developments in Water Bacteriology 
Radioactive Pollutants in Water 
Radionuclides in Water 

Water Quality Management 

Sanitary Engineering Aspects of Nuclear Energy 


Location* 
SEC 
Rockville 
SEC 


SEC is the Robert A. Taft Sanitary Engineering Center; Rockville is the Radiologi- 


Pit 
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SEC 
SEC 
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LARGE-SCALE PRODUCTION 
OF YEAST IN WHEY 


Cheese whey can cause a water pol 
lution problem if 
dairy waste. The whey may be utilized, 
however, as a 


disposed of as a 


medium on 
which yeast will grow. The yeast, con- 


base for a 
taining about 50 per cent protein, vita- 
mins, and other nutritional factors, may 
be used in the manufacture of animal 
feeds. The market for a yeast produet 
ean be expanded through increased uses 
Previ- 
ous methods for growing yeast on whey 


of dried yeast in human diets 
have proved economically unfeasible. 
A more efficient process for the produe- 
has 


tion of maximum yields of veast 


been deseribed (1 A four-hour yeast 
for batch 
operations by providing optimum con- 


erowth evele Was developed 


ditions of available oxygen, pH, tem- 
perature, 
plements. 


inoculum, and medium sup- 


Unpasteurized whey can 
medium, which ef 


fects a reduction in the cost of produe- 


also be used in the 


ing the veast. 
Preliminary studies 


fully carried out in 


were 
ml) 


SUCCEeSS- 
and 15 ] 
The 


pro- 


propagators in the laboratory. 


economle practicality of the veast 


duction process can be evaluated only 


by growing the veast on a larege-seale 


operation. This paper presents the re 


7T50-gal 


sults of propagating veast In 


volumes and gives an of the 
cost of operating a veast plant produe- 
) 


ing 2.5 


» tons dried yeast per day. 


estimate 
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Materials and Methods 
Propagation Conditions 


The conditions for the growth of the 
veast, Saccharomyces fragilis, are based 
on those previously described for the 
laboratory propagators (1) (2). Six 
hundred gallons of Italian cheese whey, 
supplemented with 28 lb each of ecom- 
mercial grade ammonium sulfate, mono- 
basie potassium phosphate, and dried 
brewers yeast, were placed in the prop- 
agation tank. The pII of this mixture 
further 
adjustment which is the optimum range 
The whey medium 
was inoculated with 150 gal of yeast 


ranges from 5.5 to 5.7 without 


for yeast growth. 


cream containing 110 lb yeast on a dry 
weight basis. The yeast in the inoculum 
old, 


been collected from a propagation on 


was approximately 20 hr having 


the previous day. It is also possible to 
build up the required inoculum from a 
smaller quantity of yeast using less 
increasing the volume as 
This method re 


quires more time and it is more 


medium and 
veast growth oceurs. 
venient when batches of veast are in 
continuous operation, 

The propagation was carried out at 


94°R 


maintained by 


which 
circulating cold 


plus or minus 1] was 
water 
through cooling coils in the tank. Good 
erowth of the veast can be obtained at 
temperatures as high as 105°F but this 
procedure is not recommended because 
a growth of a rod-shaped bacterium 


contaminated the veast. 


Oxrygqen Requirements 


The the 


vrowth of Saccharomyces fragilis have 


oxygen requirements for 


been described in previous studies (2) 
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3). The oxygen is used to oxidize ap- 
proximately 35 per cent of the carbon 
in laetose to COs and water, and pro- 
vide the energy for the assimilation of 
the remaining 65 per cent of the sugar. 
Additional the 
oxidation of the other organie compo- 


oxygen is needed for 
nents in the whey and for the endoge- 
Thus, 
the yeast growing in the 750 gal of sus- 


nous metabolism of the yeast. 


pension requires 90 lb of oxygen to 
oxidize the 240 Ib of lactose and ap- 
proximately 30 lb of oxygen for yeast 
and other oxidative pur- 
The total oxygen, 0.5 Ib of oxy- 


metabolism 
poses. 
must be furnished 
during the four-hour propagation pe- 
riod. 


gen per lb of sugar, 


The addition of equal increments 
of 30 lb O. per hour will not neces- 
sarily supply the proper quantities of 
oxygen to the growing yeast. It has 
shown (2) (3) that S. fragilis 
erowing in whey medium under the de- 
seribed conditions requires increasing 
quantities of O. during the first 90 to 
120 min of growth, reaches a peak rate 
of oxygen consumption and in the final 
stages of growth, requires Ov at a de- 


been 


creasing rate. At the peak of the oxy- 
ven demand, the yeast uses the gas at 
the rate of approximately 5 millimoles 
19 millimoles gpm), and to sup- 
ply this demand, oxygen must be dis- 
solved at the rate of 1 lb/min. The 
equal oxygen increments of 30 lb/hr, 


1 /min 


or 0.5 lb min will supply an excess of 
oxygen during portions of the yeast 
growth curve, but there will be a condi- 
tion of limited anaerobiosis during the 
period of peak oxygen demand. Low- 
ered yeast vields may result because of 
this insufficient 


period of available 


oxygen. 


Apparatus 


A steel storage tank 5 ft in diameter 
and 12 ft 8 in. in height was converted 
into a yeast propagator. The agitation 
unit, suspended from the top of the 
tank, extended to within 3 ft of the bot- 


tom. The agitator was a 6-vaned tur- 
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bine, 23 in. in diam, powered by a 714 
hp motor, The turbine rotated at 300 
rpm. In operation, the power supplied 
by the motor was inadequate, but a 
more powerful motor could not be used 
because of the difficulties that devel- 
oped in confining the medium to the 
tank. Although the tank would econ- 
tain 1,600 gal, only about 800 gal of 
medium could be used for the propaga- 
tion of the yeast ; the remaining 50 per 
cent of the tank capacity was required 
as head space for the increased volume 
of the medium emulsion created by the 
aeration and agitation. 

Air was supplied to the medium by a 
turbo-compressor rated at 360 cfm at 5 
psi. A sparger ring with jet orifices 
Was positioned under the agitator tur- 
bine so the fine air streams would be 
dispersed still further by the shearing 
action of the agitator. 

The temperature of the propagation 
mixture was controlled by passing cold 
water at 40°F through 118 ft of 114 in. 
OD copper tubing arranged in a coil 
within the tank. 

At the end of the four-hour propaga- 
tion period, the yeast was concentrated 
to a slurry containing 15 to 18 per cent 
solids in a centrifuge-type separator. 
extraneous solids, 
the yeast cream may be washed by re- 
suspension in an equal volume of water 
and centrifuged again in the separator. 
The yeast cream was fed to a double 
drum drier operated at 85 psi steam 
pressure, and rotating at 12 rpm; the 
dried yeast flakes were carried by worm 
conveyor to a hammer mill, then to a 
bagging apparatus. 


To remove soluble 


Analytical Determinations 


Yeast yields were determined as the 
weight of the yeast centrifuged from 
5-ml samples of the propagation mix- 
ture and dried overnight at 220°F. 
The method of Stiles ef al. (4) 
used for the analysis of the lactose in 


Was 


the medium. 
The oxygen absorption rate (OAR) 
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FIGURE 1.—Yeast propagation. 


of the propagation apparatus was de- 
termined by a modification of the sul- 
fite method of Cooper ef al. (5 


Results 


OAR of the Apparatus 


Inasmuch as oxygen was shown to be 
the limiting factor in obtaming max- 
imum yields of yeast in the laboratory, 
using the proeedure deseribed above, 
the agitation and aeration systems for 
the pilot plant tank were designed to 
dissolve the required amount of the 
gas. To test the operating efficiency of 
the equipment, 800 gal of 1N sodium 
sulfite solution were agitated in the 
propagator with the blades of the tur- 
bine set at 25 in. diam. Aeration was 
carried out at 360 cfm. The OAR 
under these conditions was 13 milli- 


moles/gpm. Since the yeast requires 


TABLE I.—Representative Growth of Sac- 
charomyces Fragilis in Whey Medium 


Tt 


\mount 
Volume whey (gal 600 
Lactose (4.86 of whey) (lb 242 
Lactose used (Ib 242 
Volume seed veast (gal) 150 
Wt. seed yeast (Ib 110 
Total volume in tank (gal 750 
Gross dry veast vield (Ib) 215 
Net drv veast yield (Ib 105 
Theoretical veast vield (Ib 133 
Theoretical vield 79 
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19 millimoles Oo/gpm at the peak de 
mand, the apparatus was capable of 
dissolving only 68 per cent of the requi 
site amount of gas. To increase the 
quantity of dissolved gas, the tank was 
altered by the installation of four steel 
baffles, 90 in. long and 8 in. wide at- 
tached to the walls of the tank. In ad- 
dition, the diam of the turbine blades 
was reduced to 23 in., increasing the 
peripheral speed of the blades and ob- 
taining a greater shearing effect on the 
air bubbles. As a result of these 
changes, the OAR rose to 15 millimoles 
Oo/gpm, or 80 per cent of the Og re- 
quirements of the veast. Although the 
rate of O» solution was still apparently 


TABLE II.—Estimated Capital Costs for 2.5- 
ton day Yeast Plant 


Equipment Cost 


Storage tanks 6,000 
Fermenters 15,000 
Blower-compressot 3,500 
Holding tanks 5,000 
Yeast separators 10,000 
Drum drier 25,000 
Refrigerating plant 20,000 
Grinder, bagger, etc. 6.500 
Building 23,000 
Laboratory 9 000 
Piping and auxiliary features 36,000 

Total plant cost $159,000 


low, further modification of the prop- 
agator was not possible and growth of 
the yeast was carried out with the 
knowledge that decreased yields might 


oceur. 


Yeast Propagation 


The results of a representative yeast 
propagation are shown in Figure 1 
and Table I. The 242 lb of sugar pres- 
ent in the 600 gal of whey disappeared 
in 4 hr and the initial 110 lb of seed 
yeast increased to 215 lb. Ineubation 
of the yeast beyond four hours did not 
result in any increase in the yeast 
weight. In fact, since the sugar had 
been utilized, further growth may oe- 
eur at the expense of the yeast already 


formed and some decrease in weight 
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could be anticipated. Approximately 
55 per cent of the weight of the lactose 
is converted to new yeast material; 
therefore, the 242 lb of lactose should 
result in the formation of 133 Ib of 
yeast matter. The 105 lb of yeast 
formed represents 80 per cent of the 
theoretical yield. 


Economic Analysis 


From the experiences of the pilot 
plant studies an estimate has been made 
of the cost of constructing and operat- 
ing a plant growing yeast on whey. 
The calculations are based on a plant 
operating 200 days per year and pro- 
dueing 5,000 lb dried yeast/day. Esti- 
mated approximate equipment and in- 
stallation costs are shown in Table IT. 
These values may change with such 


TABLE III.Annual Fixed Costs 
Item Cost 
Depreciation (10°) $15,900 
Operational expense 7.950 


Insurance, taxes, maintenance (8°;) 12,720 


Total $36,570 
factors as price variations, locality, and 
the availability of existing equipment. 
An estimate of $159,000 has been made 
for the purpose of further calculations. 
The estimated fixed capital costs are 
listed in Table III. These costs amount 
to 3.657 cents per pound of dried yeast 
produced. 

Estimates of the operating costs in 
producing yeast from whey are shown 
in Table TV. The propagation medium 
components, acid, alkali, and defoamer 
that are used during yeast growth ac- 
count for 1.755 cents of the cost of pro- 
ducing a pound of dried yeast. Steam 
and water, power, and labor (including 
the technically trained 
supervisor ) eost 3.15 cents per pound 
of yeast. The drying operation, at 2.73 
cents, inereases the total cost of pro- 
ducing a pound of product to 7.715 
cents. 


salary of a 


Total production costs, shown 
in Table V, are 11.292 cents per pound 
of yeast. 
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TABLE IV.—Estimated Labor and Material 
Costs of 2.5 ton/day Yeast Plant 


Cost 
(cents/Ib 
Item dried yeast) 
Material 
Aqua NH; 0.038 
Dried yeast 0.105 
Na;PO, 0.012 
(NH,).S0, 1.000 
Defoamer 0.600 
Services 
Steam and water 0.250 
Power 1.340 
Labor 1.560 
Drying 2.730 
Total 7.635 


At the current market price of animal 
feed yeast, this process may provide a 
break-even method for disposing of 
whey without creating a pollution prob- 
lem. This estimated cost of production 
can be reduced, in some cases, by eredit- 
ing the eost of existing methods of 
whey disposal. 

These figures were prepared for a 
yeast propagation plant operating in 
conjunction with a cheese manufactur- 
ing plant. No charge was made for the 
whey itself nor for its transportation. 
It may become necessary to obtain ad- 
ditional whey from other cheese pro- 
ducers and the purchase and trans- 
portation costs will inerease the unit 
cost of the dried yeast. Under these 
conditions, a product suitable for hu- 
man consumption can be obtained with 
only a little more expense in equipment 
and with a little more care in produe- 
ing the yeast. The present market 
price for an edible yeast product makes 
the use of whey as a growth medium 
for yeast a profitable venture. 


TABLE V.—Unit Costs of Producing a Pound 
of Yeast 


Cost 
(cents /Ib 


Item: dried yeast) 
Operating cost 7.635 
Fixed cost 3.657 

Total 11.292 
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Summary Conditions for Saccharomyces fragilis. 
Sewage and Industrial Wastes, 30, 7. 
Saccharomyces fragilis, growing in a 913 (July 1958). 

750-gal volume of medium composed of 2. Wasserman, A. E., Hopkins, W. J., and 
Italian cheese whey plus growth sup- Porges, N., ‘*‘Rapid Conversion of 
Whey to Yeast.’’ Proc. 15th Intl. 

Dairy Congress, 2, 1241 1959 
Wasserman, A, E., ‘Whey Utilization. IT. 
Oxygen Requirements of Saccharomyces 
of the conversion of sugar to veast Is fragilis Growing in Whey Medium.’’ 


plements, can remove all available lac- 
tose from the medium and convert it 
into new yeast matter. The efficiency 


related to the supply of the proper Applied Microbiol., 8, 291 1960 
Rapid Method for the De 
termination of Sugar in Bacterial Cul 
of propagating yeast for food and feed tures.”’ Jour. Bacteriol., 12, 427 


mated economic analy sis of the process 


purposes on cheese whey is presented. (1926 


5. Cooper, C. M., Fernstrom, G. A., and 
References Miller, S. A., ‘‘Performance of Agi 


1. Wasserman, A. E., Hopkins, W. J., and tated Gas-Liquid Contactors.’’ Ind. 
Porges, N., ‘* Whey Utilization—Growth Engr. Chem., 36, 504 (1944 


CONSTRUCTION GRANTS BY POPULATION 


The following tabulation shows a breakdown of total cumulative econ- 
struction grants (as of July 31, 1961) under the Federal Water Pollu- 
tion Control Act: 


Less than 2,500 167,524,226 7 18,472,062.46 
2.500 to 5,000 135,745,690 38,721,483.27 
5,001 to 10,000 ( 169,894,138 16, 189,235.83 
10,001 to 25,000 184,360,470 42,930,823 .07 
25,001 to 50,000 116,253,003 
50,001 to 125,000 7 96,310,812 3,576, 014.88 
125,001 to 250,000 35,235,992 ( 6,005, 193.92 
250,001 to 500,000 10,208,232 5,010,700.44 
500,001 and over ) 63,936,833 5,387 ,439.22 


Totals 2, 1.009, 469.2396 


4 
* 
( | ( Cumula- 
N ‘ Estimated mula tive 
Population f Eligible Project tive Federal Grant Gri 
pula Number Est. Cost Offers Made (8 
er cen per cent 
per cent) 
21 
38 
58 
| OS 
AS 
100 
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A UNIQUE DISPOSAL SYSTEM 
FOR COMBINED WASTES AT 
HARRIMAN, TENNESSEE 


Julian R. Fleming 


The Problem 


In the spring of 1959, the Harriman 
sewage disposal project was placed in 
operation. This successfully solved a 
problem that involved the discharge of 
municipal and industrial wastes imto 
the Emory River and affected the pub- 
lie water supply of the city. 

The city of Harriman, Tennessee, a 
town of 7,000, is located on the Emory 
River, a tributary of the Clinch River 
which flows into the Tennessee River. 
The town is approximately 45 miles 
generally west of Knoxville. A major 
factor that has affected Harriman’s 
water supply is that the Emory River 
has a watershed that acts like a roof 
because the runoff is very rapid follow- 
ing a heavy rainfall, and a sustained 
stream flow is not maintained. The 
Emory River flow at Harriman has 
ranged from less than 1 efs to an esti- 
mated maximum of 195,000 cfs. 

Prior to the development of the 
Watts Bar steam and _ hydroelectric 
plant by the Tennessee Valley Author- 
ity in 1942, the only important prob- 
lem of the public water supply was 
that of inadequacy in dry weather. 
The Watts Bar dam created an im- 
poundment in the Clinch River and in 
the lower reaches of the Emory River, 
including that portion of the stream in 
the vicinity of Harriman. Although 
the water supply intake is some dis- 
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tance upstream from the municipal 
and industrial wastes outlets, it was 
found by TVA engineers that under 
certain conditions density currents de- 
veloped in the Emory River causing 
pollution to flow upstream in one 
stratum while another layer flowed in 
the normal direction. 

In this way domestic sewage and 
various types of industrial wastes, 
principally liquid wastes from a large 
neutral sulfite paper mill, flowed up- 
stream and entered the water intake. 
This resulted in a heavy bacterial load 
being imposed on the filter plant and 
tastes and odors that could not be elim- 
inated by any known type of conven- 
tional treatment. 

Thus Harriman found itself in the 
unique and unfortunate position of 
polluting its own water supply, and of 
not being able to move the intake up- 
stream above the embayment because 
of the very low dry-weather flow of the 
stream. Figure 1 shows the general 
features of the river course at Harri- 
man, the location of the water plant, 
the Mead Corporation plant, the lift 
stations, interceptors, and other fea- 
tures of the new sewerage system. 

For 15 yr the City of Harriman, the 
Mead Corporation, the state regulatory 
agencies, and a firm of consulting engi- 
neers considered the difficult technical 
problems involved and possible means 
of financing a system of treatment and 
disposal for the municipa! and indus- 
trial wastes. The resulting design was 
financed jointly by the City of Harri- 
man and the Mead Corporation. 

In 1957 the construction contract for 
the project was let and operation began 
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FIGURE 1.—Sewerage facilities at Harriman, Tennessee. 


in the spring of 1959. Because of the would be 


used to utilize the large 
technical difficulties and expense in- 


volume of dilution water available in 
the Tennessee River. Total cost of the 
tral sulfite wastes, it was decided that project was approximately $1,700,000. 
primary treatment of domestic waste. 
some pre-treatment of the paper mill 
waste, and a long pipe line with even 


volved in complete treatment of neu- 


General Features of the Project 


tual disposal in the main channel A system of lift stations and inter- 
of the Tennessee River near Kingston ceptors is used to collect the municipal 
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and minor industrial wastes of the city. 
Four small lift stations concentrate all 
of the domestic waste on the west bank 
of the river across from the treatment 
plant. The liquid waste from the 
Mead plant enters the same pumping 
station, which is designated as Pump- 
ing Station No. 1. This is really two 
pumping stations in one building, since 
the two types of waste pass through it 
entirely separated. From this station 
two force mains of ball joint cast iron 
pipe cross the Emory River. One river 
crossing line routes domestic sewage 
and miscellaneous industrial wastes to 
the treatment plant and the other car- 
ries the sulfite wastes to Pumping Sta- 
tion No. 2. 

The treatment plant includes facil- 
ities for primary sedimentation, sepa- 
rate digestion, sludge drying beds, and 
chlorination of the effluent. The plant 
effluent is then mixed with the paper 
mill waste in the wet well of Pumping 
Station No, 2. 

The pumping units of Station No. 2 
are designed for an operating head of 
108 ft of water. A force main 5,147 ft 
long and 20 in. in diameter conducts 
the combined wastes to Pumping Sta- 
tion No. 3. 

From Pumping Station No. 3 a pres- 
sure line consisting of 24,731 ft of 20 
in. pipe conducts the waste to a surge 
chamber at the high point of the pipe 
system. From this point the flow is by 
gravity and the line is constructed of 
21, 24, and 30 in. vitrified clay pipe. 
The gravity line that completes the 
circuit to the bank of the Tennessee 
River is 8,307 ft long and terminates 


with 960 ft of ball joint river crossing 


line. The final 298 ft of the river 
crossing line was placed in the main 
channel of the river, and has 3 in. 
diameter holes spaced 8 ft on centers 
directed 30 deg below the horizontal 
and downstream. The 
river crossing line is supported by pre- 
east conerete anchors located near each 
ball joint. 


discharging 
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Design Problems 


The major problems of design con- 
cerned the choice of material and lin- 
ing for the force main from the sewage 
treatment plant to the surge chamber, 
and the choice of pumps for Stations 
No. 2 and 3. Each main lift station 
contains 3 pumps, one rated at 1,000 
gpm, and two each rated at 2,100 gpm. 
The presence of considerable amounts 
of hydrogen sulfide and other corrosive 
materials in the combined waste pro- 
hibited the use of ordinary ferrous ma- 
terials or unprotected concrete. Pre- 
stressed conerete pipe with an internal 
steel cylinder lined with hot spray 
vinyl coating was selected. 

The heads were too high for the 
usual type of non-clog centrifugal 
pumps. The pumps finally seleeted 
were heavy duty vertical turbine type 
with bowl shafts of stainless steel and 
with special bearings to the 
action of hydrogen sulfide. The oper- 
ating head for the pumps at Station 
No. 3 was to be 180 ft, and somewhat 
less for Station No. 2. It was decided 
that manual air relief valves would 
be more suitable than automatie relief 
valves. These valve assemblies were 
fabricated of stainless steel to resist 
the corrosive action expected. 


resist 


Operating Problems 


Soon after operations began, it was 
found that the surge chamber at the 
end of the force main acted as a chim- 
ney to vent odors similar to those from 
a neutral sulfite paper mill plus the 
familiar odor of hydrogen sulfide. The 
wastewater temperature approximated 
110°F and hydrogen sulfide was found 
to be generated by the turbulence in 
the outfall gravity line. The first at- 
tempt to control the odors was the use 
of different masking agents sprayed 
continuously into the surge chamber 
through two small nozzles having a 
capacity of 34 gpm each. In this man- 
ner some odor control was secured. 

However, it was found that other 
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TABLE I.—Sewage Flow Data 


Item Quantity 
BOD, influent (mg/!) 315 
BOD, effluent (mg/!) 2535 
Average flow (mgd) 0.50 


Paper mill waste, influent to 
Pumping Station No, 2, BOD 


(mg/l) 1,077 
Average flow of paper mill waste 

(mgd) 1.7 
Average flow of combined waste 

(mgd) 2.3 
BOD equivalent population ol 

treated sewage 6,300 
BOD equivalent population ot 

paper mill waste 92,000 
BOD—equivalent population of 

combined waste to rive! 98,000 


measures were also required and it was 
decided to add lime to each wastewater 
separately. As a result a substantial 
increase in pli has been achieved at 
Pumping Station No. 2; a drop in 
pH of approximately one full point 
usually occurs in the five hour deten- 
tion period from that point to the surge 
chamber (3-mgd flow rate). The in- 
crease in pli very definitely reduces 
hydrogen sulfide generation. Recent 
tests have indicated the H.S to be 
about 4.5 mg/cu ft as compared with 
former values of S00 to 1,200 observed 
in 1959. Odor masking compounds are 
now being used at the surge chamber 
and at Pumping Station No. 1 for fur- 
ther odor control. Analyses for May 
1960 show the pli of the liquid at the 
surge tank to vary from 6.8 to 9.9, with 
an average of 7.9. During the same 
month the hydrogen sulfide content of 
the liquid at the surge tank showed a 
minimum of 0, average of 15, and max- 
imum of 33.5 mg/l. Corresponding 
values for the atmosphere at the surge 
tank showed a minimum of 0, average 
of 3.2, and maximum of 16.6 mg/l. 

Based on recent plant operating ree- 
ords, Table | shows approximate data 
on sewage flow, paper mill wastewater 
flow, and the BOD of each. 
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The above data inelude the digester 
liquor from the paper mill, as well as 
miscellaneous industrial wastes that 
are combined with the domestic sewage 
and receive primary treatment in the 
sewage treatment plant. 

At the final discharge into the Ten- 
nessee River a 24-hr minimum flow 
dilution factor of 3,500 efs, and a long- 
time average flow of approximately 
26,000 cfs is available. Although the 
system appears to be functioning satis- 
factorily insofar as pollution of the 
Tennessee River is concerned, it may 
become necessary for the paper mill to 
provide additional pre-treatment. At 
the minimum flow in the Tennessee 
River, the color added to the stream 
does not exceed 10 mg/l, and the BOD 
added is approximately 1 mg/l. 


Summary 

The Harriman disposal project in- 
cludes four small lift stations for sani- 
tary sewage, a system of interceptors, 
and three main lift stations. The sani- 
tary sewage receives primary treat- 
ment and chlorination. The wastes are 
then mixed, and pumped through two 
lift stations to a surge chamber. from 
which gravity flow routes the waste to 
a diffuser ball joint pipe line in the 
main channel of the Tennessee River, 
some 7 miles from Harriman. 
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PROBLEMS OF TASTES AND ODORS 


Robert A. Baker 


The quality of water supplies is be- 
coming of vital concern as demand and 
reuse increase. Taste and odor are 
properties currently receiving much 
attention. Present studies emphasize 
odor since taste is often indistinguish- 
able from or is a funetion of odor. 
Methods of test for odor intensity and 
characterization vary greatly and must 
be improved and standardized to yield 
reproducible results and facilitate sub- 
sequent communication. Improvement 
of the methods requires a broad ap- 
proach since many other factors affect 
the chemical and biological parameters 
usually considered. 

The Manufacturing Chemists’ Asso- 
ciation recognizes that there is a need 
to examine the problem of taste and 
odor in water. It has also coneluded 
that existing techniques are wholly in- 
adequate for concerted application of 
remedial measures by individual com- 
panies on all problems. In light of 
some of the limitations of the present 
technology a program of study was 
initiated to survey present knowledge, 
indicate the gaps, and try to fill these 
by research. The results will be made 
available to government, municipal, in- 
dustrial, and other groups. 


Research Program 

The program is divided into various 
phases. The first phase, a critical re- 
view of the literature and laboratory 
data, is discussed in this paper. The 
technical publications of the water, 
wastewater, and many other fields were 
examined and unpublished data were 
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solicited. For example, the food in- 
dustry has for many years based prod- 
uct improvement on subjective testing 
with panels of testers. Subjective test- 
ing procedures and methods of data 
evaluation have been developed which 
are applicable in a study of taste and 
odor in water. 

Findings predating 1940 were usu- 
ally omitted from consideration except 
where historical importance was indi- 
cated since analytical methods and 
over-all changes in technology make 
current evaluation questionable. The 
literature search was supplemented by 
site visits to selected government, in- 
dustry, and university laboratories ae- 
tive in related research. These per- 
sonal contacts proved a valuable means 
of exchanging information and observ- 
ing testing methods. 

The final report is expected to in- 
clude more than 300 references. It 
examines such topics as physical, chem- 
ical and biological factors, methods of 
test, physiology and olfactory theory, 
chlorination practices, panel selection, 
and statistical evaluation of subjective 
data, ete. 


The Problem 


The consumer judges water quality 
by clarity, sparkle, palatability, and 
freedom from objectionable taste and 
odor. These are subjective qualities 
that supplement basic biological and 
chemical requirements. If these water 
properties are not acceptable to the 
consumer, especially those of taste and 
odor, complaints are initiated to the 
water supplier or responsible regula- 
tory group. 

Inereased reuse of water resources 
will increase the difticulty of maintain- 
ing water quality. Additional water 
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TABLE I.—Causes of Odor from 241 
Water Treatment Plants 


Plants 
Cause 
Nu 
Algae 198 82 
Decaying vegetation 162 | 67 
Industrial wastes 
Other 55 


treatment plants will have to be added 
to supplement existing facilities and 
to expand service to new areas. In 
1954 there 570 treating 
plants serving communities with pop- 
ulations in excess of 25,000. Of these 
plants 201 serving 34 million persons 
had facilities for taste and odor control 
(1). 
treatment becomes more difficult it may 


were water 


As more persons are served and 


be expected that raw water quality will 


be more strictly controlled. This will 


mean stricter control of wastewaters. 
Better analytical methods, communiea- 
tion, and early-warning procedures 


will have to be devised. 

Industrial and domestic activity, mu- 
nicipal effluents, and natural sources 
contribute odorous compounds. The 
complicated chemical and biological re- 
actions taking place in the water body 
may result in (a) the production of 
more intense odors than those of the 
original constituents, (b) their 


total removal. 


sup- 
pression, or (¢ 

Table I shows the results of a survey 
of the causes of odor problems at 241 
water treating plants (2 

It was reported that although algae 
problems were most common, the in- 
dustrial wastes were more diffieult to 
treat. 

As addi- 
tional legislative and regulatory steps 
to limit or 


water problems increase, 


control wastewater dis 
charges may be 
regulations are only 


is a sound technical 


expected. Reasonable 
there 
This 
odor 


there 


possible if 
foundation. 
is especially true of 
criteria. At the 


taste and 


time 


present 
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does not exist a universally-accepted 
method of test for these properties. 
Neither the intensity nor the character 
are defined in any consistent manner 
by the variety of analytical methods 
now used. 

The chemical industry, as one of the 
largest groups which will be affected 
by legislative controls, considers it im- 
perative to develop the necessary tech- 
nology and to provide a sound basis 
for regulatory action. 


Taste 


The terms ‘‘taste and odor’’ are used 
jointly in the vernacular of water tech- 
nology. The technical literature econ- 
tains relatively little concerning taste 
of water alone. Many naturally-occur- 
ring minerals and salts impart taste to 
water. Some areas of this nation have 
water supplies with typical sulfurous 
or saline tastes. In exeess quantities, 


these substances make water unpalat- 


able. Man-made organic ehemical sub- 
stances may also affect taste of the 
water or aquatic life found in the 


water. 

Because of the numerous studies con- 
cerning the effect of phenol on water 
supplies there has been evidence that 
this chemical will taint fish flesh. Re- 
cent indicate 
that substances associated with phenol 


investigations (3 1) 


in wastewater are more important con- 
tributors to the 
phenol. 


flesh-tainting than 
One of the most comprehensive anal- 
the effect of a 
taste of water was made when fluorida- 
tion was advocated for the control of 


It was conjectured 


yses of substanee on 


dental caries (5 
that the 1-mg/] fluoride 
posed would impart a taste. Extensive 
panel tests indicated that the probabil- 
ity of detection of this level of fluoride 
than 0.001. Supplemental 
studies at concentrations up to 18 mg/] 
fluoride indicated that at 
threshold) concentrations of salts there 
is an ionie effect that influences pala- 
tability. 


sodium pro- 


was less 


low (sub 


fi 
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. 
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Physiological Factors 


There are many theories of olfaction 
which for the most part are unsubstan- 
tiated. Although elucidation of the 
mechanism of olfaction is not of pri- 
mary concern to the water technologist 
there are certain physiological consid- 
erations which are important in the 
subjective testing of taste and odor. 
If ignored, these factors may seriously 
affect the result of threshold measure- 
ment. 

Two kinds of fatigue influence per- 
sons making subjective tests. One 
form represents physical exhaustion or 
boredom associated with repetitious 
analyses. A second form is physiolog- 
ical fatigue. A tester may be desensi- 
tized by certain chemicals if exposed 
to critical concentrations. It is also 
possible to confuse the senses by back- 
ground odors or too frequent exposure 
to a given odor. Since all these factors 
affeet a given person and persons differ 
among themselves, it is logical to ex- 
pect variation in threshold measure- 
ments under the best conditions and 
appreciable variation if baekground 
odors exist or tests are made too fre- 
quently. 

The frequency with which repeat 
measurements may be made depends 
on the substance being tested and per- 
sonnel variation. Experience in sub- 
jective testing, age, sex, and personal 
habits influence the results. 


Physical Factors 


Temperature and humidity affect 
olfactory results. Studies have been 
made in environmental chambers pre- 
cisely controlled by complex heating, 
air conditioning, and humidification 
equipment (6) (7). It was found that 
(a) an inerease in humidity at con- 
stant dry-bulb temperature tends to 
lower the intensity level of odor, (b) 
the effect of humidity is not the same 
for all odorants, (c) a reversal of odor 
pereeption below 70°F appeared to oc- 
cur with increased humidity for py- 
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ridine and methyl salicylate, (d) at 
constant specific humidity the odor 
level of cigarette smoke decreases 
slightly with dry-bulb temperature, 
(e) olfactory adaption occurs more 
rapidly during initial exposure, (f) 
over extended periods, cigarette smoke 
has an irritating effect on the eyes and 
nasal passages, and (qy) odor percep- 
tion is a log function of concentration. 
These results were obtained in an in- 
vestigation of the effect of cigarette 
smoke but are reported here because 
they typify the effect that temperature 
and humidity exert on olfaction. 

An ideal odor laboratory should be 
constructed of nonabsorbing surfaces 
and provide temperature and humidity 
control. A research laboratory should 
provide an odor-free atmosphere by 
activated-carbon filtration of the air. 
Facilities of this nature may not be 
available or necessary for day-to-day 
testing but every effort should be made 
to minimize background odors. 

The effect of physical parameters on 
odor testing merits additional investi- 
gation. 


Biological Factors 


3iological action is important in 
modifying odorous and other com- 
pounds in water. Aerobie and ana- 
erobie processes destroy or modify 
these materials. They may create 
odorous byproducts from substances of 
little or no odor or modify the char- 
acter and intensity of specific odorants. 
Given organisms may not be odorous 
but their metabolic byproducts or asso- 
ciated microorganisms may cause taste 
and odor problems. 

Water bodies have a limited self- 
purification capacity through biological 
degradation of man-made wastes and 
this capacity must not be exceeded. 
A system of allocation of self-purifica- 
tion capacity of one river (8) has been 
developed by industrial and municipal 
groups. 

Taste and odors of biological origin 
usually exhibit seasonal frequency. 
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Incidence of algae and actinomycetes, 
flushout and 


associated organisms, and similar prob- 


ot decaying vegetation 
lems occur at reasonably defined pe- 
riods. Algae are probably the most 
important cause of taste and odor in 
water. They may not be directly re- 
sponsible but are important as sources 
microorganisms 

The 


metabolism 


of protein for other 
such as actinomycetes. 
of actinomycete 


ketones, 


products 
include 
and 


Tatty 
aromatic organic compounds (9 


acids, 


aldehydes, 


Chemical Factors 


Chemicals may produce odor directly 
or by reactions with other substances. 
The reaction products may be more or 
less odorous than the original chemieal, 
A chemical analysis therefore will not 
permit prediction of the intensity or 
character of odor in most cases but is 
causes and 


important in identifying 


determining treatment for taste and 


odor control. 
routinely. 


Analy Ses should be made 
Most plants make 
tests only during times of difficulty. 


water 


and 
made dur- 

Another 
problem is that the method of:test often 
defines the substance. 


To avoid misleadine information 
conclusions. tests should he 


ing trouble-free periods also. 


As an example, 
‘“‘phenol’’ is defined by one of many 


tests, none of which measure all phe 
nolie materials. 

Many attempts have been made to 
relate odor to molecular structure (10 
(11), but the theories postulated have 
all been deficient. Most 


except sulfur 


inorganic 


chemieals, compounds, 


are nonodorous Organie chemieals 


are the cause of and odor 


most taste 
Man 


active materials (de 


problems. ‘synthetic surface 


ergents) have been 
found to be unimportant as sources of 
taste and odor in concentrations usu 


The 


detergent 


ally found in water supplies. per 


fumes contained in 


SOTLLE 


formulations do contribute taste and 


odor however 12 The effect of any 


of these substances may be severely 
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modified by the presence of other sub- 
stances in water. 

There is a difference of response by 
eviven persons to different odor types 

13 Some persons show a marked 
increase in acuity over others in detee- 
This 


importance of calibrating 


tion of certain types of odor. 
suggests the 
panels of testers in some research work 
threshold 
urements at industrial and water-treat 
ing plants. 

Chlorine and chlorine compounds are 
used in 


as well as 


or operators making meas- 


treatment of taste and odors 


destruction of pat hogenie 


and other organisms. Some chlorode- 


rivatives which form during the treat- 


ment may be more undesirable as taste 
and odor components than the chemieal 
being treated. Special procedures are 
necessary to eliminate obnoxious chlo- 


roderivat ives 


Phenol 


The effeet of phenol, a component of 


many industrial wastes, on taste and 
odor has been a subject of many studies 
and some regulatory action over the 
last 40 yr. The Publie 
Health Service proposed limit is 0.001 
me/l (14 this 
and odor not toxicological 
tions (15 The 


the cause 


present U.S. 


and is based on taste 
considera- 
origin of these limits 
and of objection to them is 


interesting historically and indieates 
the way controversy may develop with 
other materials. It has already been 
noted that analytical methods for de- 
termination of Conse 


quently a 


phenol vary. 


variety of definitions of 
phenol exist, depending on the limita 
tions of the analytical scheme. Fur- 
thermore, phenols from 


may oceur 


natural sources, 
1920’s the Publie Health 
various laboratory stud- 
that 


of phenol caused objectionable chloro 


During the 
Service made 
ies which coneluded chlorination 
phenolie taste and odors if the phenol 
0.005 me/I. 
The results of this study were used as 
the 


concentration exceeded 


basis for several state and local 


\ 
2 
2% 
i 
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regulations. Some industry groups ob- 
jected because of the effects of other 

present in water which 
synergistic or antagonistic 
the 
phenol taste and odor thresholds deter- 


substances 
serve as 
agents and specifically because 
mined with various waters varied ap- 
preciably. Other factors were modify- 
ing the effect. 

Most of the investigations on the 
phenol problem were of short-term na- 
ture until a recently completed four- 
year study was made of a river system 
in eastern Ohio and western Pennsyl- 
vania (16). The industrially supported 
program was closely followed by the 
No relation- 
ship was found between phenol level 
and maximum odor obtained by inecre- 


respect ive state agencies. 


mental chlorination. The conclusions 
stated that the greater the chlorine 


demand the greater the odor although 
phenol concentration did not correlate 
with the chlorine demand. In one case 
phenol was measured on 191 of 197 
consecutive days but phenolic or med- 
icinal tastes were reported on only 25 
days. These results have been ques- 
tioned (17) on the basis that phenol 
is not found in natural waters. 

The difficulties with phenol may be 
expected to occur with other materials 
in the years to come. As new products 
are developed and marketed, a variety 
of complex organic substances will find 
their way into water bodies. The ef- 
fects of these chemicals singly and as 


binary and more complex mixtures 
with other chemical and biological sub- 
stances must be determined. Stand- 


ards or limits based on single compo- 
nents in tap or distilled water will be 
inadequate. A cooperative program be- 
tween industry and regulatory groups 
will be necessary to protect water econ- 
sumers. 


Instrumental Devices 


Although there is no substitute for 
the human nose as a detector of odor 
there have been attempts to improve 
or supplement olfactory detection by 
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instrumental devices. A variety of 
mechanical devices which serve to pre- 
pare dilutions of samples or to exclude 
background odors have been suggested. 
None acceptance. 
Other instruments based on chemical 
or physical principles have been tried 
as odor detectors. Success has only 
been achieved when a very limited 
number of odor sources exist. Because 
of the complexity of the water chem- 
istry and biology and the possible syn- 
ergistic and antagonistic effects this is 
not surprising. 


has met universal 


Odor composition research and plant 
control in some cases may be assisted 
by several recently developed analyti- 
cal Gas-liquid chromatography 
using ionization detection, long-path 
infrared or ultraviolet spectroscopy, 
and mass spectroscopy appear to be 
the most useful (18). 


tools. 


Correlation of panel-testing results 
and instrumental chemical analyses 
may provide a means of monitoring 
water quality in some cases. Instru- 
mental methods are not available for 
continuous monitoring of all compo- 
nents of industrial or municipal wastes. 
Development of instruments and tech- 
niques is necessary. 


Subjective Testing 


The method of selecting persons to 
make taste and odor tests, the design 
of experiments, and subsequent evalua- 
tion of the findings is important to 
over-all understanding. Beeause of 
the subjective nature of the sensory 
tests and the variation in personal re- 
sponse to stimuli, calibration of indi- 
viduals and estimation of precision and 
accuracy of testing methods are dif- 
ficult. 

Those research persons making taste 
and odor tests should be carefully se- 
lected, trained, and kept informed of 
progress. In plant practice, operators 
usually make routine threshold odor 
tests. They are not selected for their 
sensory skills but their relative sensi- 
tivity should be established to facilitate 
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comparison of results between different 
operators. There are important effects 
based on persons, odor type, and per- 
son-odor type interactions. Clarifica- 
tion of relationships must be 
achieved if precision and accuracy 
limits are to be established for methods 
of test for odor. In turn, this informa- 
tion will establish the confidence inter- 
val at which a reasonable scale of odor 
intensity may be established. 


these 


Treatment Problems 


For a given water supply a water- 
treating plant will generally have to 
contend with only a limited number of 
troublesome wastes or taste and odor- 
Experience with 
these materials and recognition of sea- 
Water 
plants usually have difficulty with slug 
discharges of 


producing chemicals 
sonal influences are important. 


noxious susbtances. An 
early warning system to permit diver- 
changes in treatment 
Ideally there 
should be no such occurrences but acci- 


sion of intake or 
procedure is desired. 


dental discharges are always possible. 

Tests of water quality, both subjec- 
tive and instrumental, should be made 
routinely. 
incidences of difficulty are inadequate 


Analyses made only during 


since they do not provide a reference 
to normal Odor control 
must be achieved on a local basis by 


operation. 


cooperation between municipalities, in- 


dustry, and treatment plants. At- 
tempts to control odor by national 
regulations are not reasonable. The 


complex biological and chemical nature 
of the water universe precludes adop- 
tion of a single criteria for judgment 
and control of all water bodies. Inten- 
sity alone is an inadequate gage of odor 
acceptability. Some odors of very low 
intensity are obnoxious while others 
are tolerable at high intensity levels 
and even considered pleasant. 
Industry must know and understand 
the role of 
A given company or 
producing similar 
most acquainted 


its wastewater discharges. 
industry group 
should be 
effects of 


wastes 


with the 
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their discharge and take action if these 
effects are This is ethi- 
eally and economically sound and pro- 
vides a basis for cooperation with re- 


undesirable. 


sponsible regulatory groups. 


Activated Carbon 


Activated carbon is an important 
and almost universally used material 


nomic considerations preclude its use 


for treatment of taste and odor. 


alone so it is combined with other treat- 
ment procedures 

The property of activated carbon to 
adsorb organic water 
is the basis for a carbon filter analyti- 
eal device (19 20 21 The carbon 
filter has been used to isolate the or- 


chemicals from 


ganic components of wastewater. Sepa- 
rations are made and individual com- 
pounds are identified. The method is 
valuable but limitations. 
materials may not be recovered; there 


has Some 
may be degradation or changes in rela- 
tive composition during the lengthy 
sampling period; troublesome, short- 
duration, 
discernible ; 


concentrations are not 
and the and odor 
effect of compounds isolated from the 
filter may not be representative of the 


high 
taste 


actual water. <A high degree of judg- 
ment is necessary in interpreting re- 
sults. 

made to 
deter- 
mined by the carbon filter method, to 
less than 0.2 mg/I. 


(22) noted that the chloroform-soluble 


A proposal (22) has been 


control organic discharges, as 


The same reference 


carbon filter extract limit is being con- 
sidered for incorporation in the im- 
pending revision of the Public Health 
‘Drinking Water Standards’’ 
limit. This may 
prove to be a reasonable recommenda- 
the 
above, it 


Service 
as a recommended 
tion but because of limitations 
briefly appears that 
further study is necessary before final 


noted 
decision is just ified. 


Laboratory Study 


methods of 
test for intensity and characterization 


A laboratory study of 


| 
Ky 
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is underway. An odor-testing labora- 
tory with carbon-filtered, temperature- 
and humidity-controlled atmosphere is 
Among 
the supporting analytical tests will be 
gas-liquid chromatography with flame- 
ionization detection. This precise tech- 
nique for measurement of small con- 
centrations of gaseous components will 
be supplemented by infrared and vis- 
ible spectrometry, and conventional 
wet-test chemical methods as required. 
It is the object of this laboratory study 
to establish sound foundation for meas- 
urement and interpretation of taste 
and odor in water. Establishment of 
this goal will facilitate application of 
methods to field use in early 
warning systems and effluent quality 
control. 


being used for panel testing. 


these 


Conclusions 


A program of study to develop in- 
formation and analytical procedures 
for taste and odor in water has been 
undertaken by the Manufacturing 
Chemists’ Association. The object is 
to provide a sound technical basis for 
the control of chemical plant waste- 
water discharges to avoid creation of 
taste and odor problems. The study 
The 
first phase, a critical review of the 
literature and laboratory findings, has 
recently been completed. Various gaps 
in the knowledge were indicated. The 
following unsatisfied objectives were 
formulated : 


is divided into several phases. 


1. Develop an acceptable, reproduc- 
ible method for measuring odor. Pres- 
ent methods vary and their reproduc- 
ibility is unknown. 

2. Determine the effects of such pri- 
mary variables as odor type and con- 
centration and their effects on each 
other. The control of wastewater dis- 
charge based on single chemical con- 
centration inadequate but 
little is known of the effect of complex 
mixtures. 


limits is 


3 Determine the effects of human 
factors. Odor measurement is a sub- 
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jective test and complaints, 
and regulation are made by 
differing in stimuli response. 


control, 
persons 

Sensi- 
tivity for a given person varies as a 
function of time and other factors such 
as sex, age, physiological status, med- 
ical history, ete. The interaction of 
the human factors and the chemical 
factors is poorly understood and also 
requires elucidation, 

4. Develop a reproducible scale for 
measuring odor intensity. 

5. Develop a reproducible and mean- 
ingful method of characterizing or de- 
seribing odors. 
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TOXICITY CHANGES OF STORED OIL 
REFINERY EFFLUENTS 


The toxicity bio-assay is becoming an 
important for evaluating indus- 
trial effluents. Pollution laws gen- 
erally require that effluents may not 
have a detrimental effect on aquatic 
life. The toxicity bio-assay is a means 
of evaluating the effects of effluents on 
aquatic life. 


tool 


The collection, handling, and storage 
of effluent samples for testing presents 
problems to all technicians involved in 
toxicity bio-assay. Governmental en- 
forcement agents and industrial waste 
control personnel alike are interested 
in the solution of problems which arise 
in use of the toxicity bio-assay. 

This is a report in part of an ex- 
tensive program of investigations of oil 
refinery effluents. Information was re- 
quired by the industry on the effects of 
short periods of storage on toxicity. 
Sponsored research on a continuous- 
flow bio-assay of oil refinery effluents 
required information on the effects of 
long-term storage on the toxicity of 
oil refinery wastes. 
and Summers (1) found 
that the toxicity of oil refinery wastes 
changed when stored at full strength 
in glass containers at room tempera- 
ture. They found that the toxicity de- 
creased with storage. However, experi- 
the reported here 
indicate that in some cases effluents do 
not change under storage. 


Clemens 


ence in studies 


Information is provided here on the 
effects of short- and long-term storage 
at room temperature on toxicity of oil 
refinery effluents of different degrees 


Wm. R. 
and Troy C. Dorris is Associate Professor of 
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of toxicity. The study was conducted 
from July 1958 to October 1959. 


Characteristics of Effluents 


Final effluents of four levels of toxic- 
ity were studied. Effluent 1 was toxic 
at a concentration of approximately 7 
per cent by volume. This waste came 
from a catalytic poly-unit, a catalytic 
cracker, a platformer, a_vis-breaker 
vacuum still, two crude distillation 
units, and the normal refinery operat- 
ing processes. No information on the 
chemical composition of this effluent 
was available. 

Effluent 2 was toxic at a concentra- 
tion of approximately 18 per cent. 
This waste came from a erude unit, 
two coking units, a catalytic cracker, 
a catalytic reformer, a thermal re- 
former, and a compound house. Chem- 
ical characteristics are given in Table I. 

Effluent 3 was toxic at a concentra- 
tion of approximately 65 per cent. 
This waste was taken from a_ point 
part way along a series of holding 
ponds and contained from a 
crude unit, a thermal cracker, a cat- 
alvtie cracker, an alkylation unit, and 
a vapor-recovery unit. Chemical char- 
acteristics are shown in Table IT. 

Effluent 4 was obtained from a hold- 
ing pond. This waste came from de- 
salters, atmospheric, vacuum-distilla- 
tion, and topping crude units, thermal 


waste 


TABLE I.—Chemical Characteristics 


of Effluent 2 


Sul- | Phe- 

Date | fides nols 

(1958) | (me/)) 
| 


Total 
Oils 
(mg/i) 


NH, 


IOD | DO 
(mg/l) 


H (me 


Aug. | 0.0 | 11.3 


10.0 | 3.0 | 0.0 


| 


| 326 
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TABLE II. 


Chemical Characteristics 
of Effluent 3 


Sulfides *henols NH 
\(mg/i) 


0.0 0.5 23.0 
0.0 150.0 17.0 
0.0 2.5 25.0 


cracking, catalytic 
merization, H.F. 
solvent treating, 
ing, and dewaxing units. 


reforming and poly- 
lube-oil 

treat- 
Table III 


gives the chemical characteristics. 


alkylation, 


Pereo. doctor 


Methods 


Short-term storage of 


three 
days was required in the shipment of 
all oil refinery effluents to the labora- 
The need to 
store effluents for periods of approx- 


one to 


tory for bio-assay tests. 


imately one month was anticipated for 
the 


Bio-assay tests 


continuous-flow bio-assay study. 


were run with each 
effluent at periods throughout the dura- 
tion of storage to gain information on 
the effects of storage on the toxicity of 
oil refinery effluents. 

All refinery tested 
stored in five-eallon polyethylene bot- 
tles which were filled to the 
exclude air then 
capped. To increase uniformity, the 


effluents were 
top to 
and stoppered or 
effluent samples were pumped into a 


large drum for mixing before being 
drained into the 
The effluent samples were stored at a 
temperature of about 75°F 


All test 


minnows 


storage containers. 


animals fathead 


Pimephales promelas, Raf- 


used were 


inesque) raised in ponds on the Uni- 
All fish were held in 
the laboratory for at least 10 days 
prior to use as suggested by Doudoroff 
et al. (2). During this time specimens 
that were diseased 
undernourished, or 
characteristics were 


versity campus. 


injured, abnormal, 
showed breeding 
discarded. All 
with ‘Ter 
ramycin to prevent outbreak of a bae- 
terial infection, ‘‘ tail rot The weight 
of all fish in a test container did not 


holding tanks were treated 
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exceed one gram per liter. If, as hap- 
pened a number of times, more than 
10 per cent of the test animals became 
unfit for testing purposes, the entire 
discontinued A 
10 to 20 fish taken at 
from the population 
placed in dilution water and observed 


series of tests was 


control of ran- 


dom stock was 
simultaneously with each test. 

Tap dechlorinated by 
aeration for at least 24 hr prior to 
use for dilution of the effluents. The 
water had been tested for a year be- 
the found to be 
fairly constant in chemical content. 


Water 


fore tests and was 
The test containers were polyethy- 
Each test container was filled 
with 10 1 of dilution water. Test con- 


centrations were then made by remov- 


lene. 


ing the appropriate amounts of water 
and replacing them with effluent. In 
testing effluents 1 and 2, 
tration was replicated twiee. 
ing effluents 3 and 4, th 
replications was increased to four and 


each concen- 
In test- 
number of 


the schedule of testing was modified to 
facilitate analysis of any changes that 
might oceur. Five fish were used in 
each test container. Tests in the series 
1 and 2 96-hr 
test, but all tests in the series on efflu- 
and 4 terminated after 


Tests were performed at 75°F. 


were maintained for a 


ents 3 
18 hr. 


Hydrogen-ion 


were 
concentration measure- 
ments were made with a line-operated 
pH meter. 
trations were determined with a spee- 
trophotometer. 

The oxygen 
served closely during the tests. 
test 
above ] 
used in 


Dissolved oxygen concen- 


was ob- 
Only 
remained 
were 


concentration 
concentrations which 
mg/l dissolved 
analysis of 


oxygen 


effluent toxic- 


TABLE III.—Chemical Characteristics 


of Effluent 4 


Date Sulfides Phenols NHs 
1959) mg/l) mg/l mg/l) 


July | 0.08 
Aug. 0.06 
Sept. | 0.08 


20.0 
18.0 
26.0 


| i 

Aug. | 9.0 190 

Sept. 8.9 | 313 

| COD 

| 0.7 | | 209 

1.6 7.2 | 177 
=e 2.1 | 7.5 | 265 
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ities. This concentration was usually 
achieved by the high initial DO of the 
dilution water and the constant dif- 
fusion of oxygen from the air into 
the test medium. Test coneentrations 
which approached the minimum. al- 
lowable level of dissolved oxygen were 
treated by the addition of bubbles of 
pure oxygen (2) (3). Three test con- 
centrations fell below the 1 mg/] min- 
imum despite the added oxygen. 


Measurement of Toxicity 


Median tolerance limits (TL,,) are 
used in the analysis of the data. The 
values were determined by plotting 
data on mortality of more than 50 
per cent and less than 50 per cent on 
semi-logarithmie paper, then using a 
straight-line interpolation to estimate 
the concentration of effluents that 
would cause a 50-per cent mortality. 


Statistical Analysis 


The derived median tolerance limits 
were treated statistically. The experi- 
ments were designed as randomized 
complete blocks. An analysis of var- 
iance table was computed. The caleu- 
lated F’ (Fisher) value of treatments 
was compared with the tabulated F 

Fisher) value. <A probability state- 
ment was made for each effluent. 


Results and Discussion 


The initial 96-hr TL,, for effluent 1 
was 7. No significant change in toxic- 
ity was found to occur in a 30-day test 
period. The pH did not change dur- 
ing this period. 

Effluent 2 had an initial 96-hr TL,, 
of approximately 18. No significant 
change in toxicity took place in this 
effluent during a 30-day test period. 
No change in pll oeceurred during the 
30-day test period. 

Effluent 3 had an initial 48-hr me- 
dian tolerance limit of approximately 
65. There was no significant change 
in toxicity during the first four days 
of storage. Between the fourth and 
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eighth days of storage the toxicity of 
this effluent decreased. No change in 
the pH of the effluent took place dur- 
ing the 32-day test period. An intensi- 
fication in the color of the effluent was 
noticed at the beginning of the eighth 
day of storage. 

No statistical information was ob- 
tainable from effluent 4 because it did 
not produce a sufficient number of 
tests in which 50 per cent or more of 
the fish were killed. Under such cir- 
cumstances no measure of the median 
tolerance limit was obtainable and sta- 
tistical analysis could not be applied 
properly to the test data. It was noted 
that a larger number of fish survived 
in the later tests of this effluent than in 
the earlier tests. The longer the efflu- 
ent was stored the nearer the pH ap- 
proached neutrality. From these ob- 
servations it is suggested that this 
effluent decreased in toxicity during 
the period of storage. 

Certain tentative conclusions may be 
drawn from the data presented here 
(Figure 1). When stored at room 
temperature without access to air, ef- 
fluents of high initial toxicity (TL,,°° 
7 and TL,,°® 18) show no change in 
toxicity over a storage period of 30 
days. Effluents of intermediate toxic- 
itv (TL,“* 65) undergo a change in 
toxicity after being stored a short time. 
It appears that effluents of very low 
toxicity (high TL,,) may also change 
during the period of storage. 

Roberts (4) studied the populations 
of algae and bacteria in a series of 
oil-refinery effluent-holding ponds. He 
found few kinds of smaller organisms 
in large numbers in the earlier, high- 
toxicity portion of the pond series. In 
the lower-toxicity ponds later in the 
series he reported finding many kinds 
of larger organisms in smaller num- 
bers. 

The low toxicity effluents used in the 
present study were taken at points 
along series of effluent holding-ponds. 
It is believed that the low toxicity of 
these effluents was the result of biolog- 
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EFFLUENT 2 


EFFLUENT | 


8 10 


DAYS STORAGE 


FIGURE 1.—The effects of storage on the toxicity of three oil refinery wastes. 


Solid line is mean value. 


ical action on effluents of initially high 


toxicity. In taking the samples the 


organisms in them were also taken. 


Undoubtedly some of these organisms 
under the 


conditions, thereby 


continued to function stor- 


age reducing the 
toxicity of the effluents throughout the 
storage period. 

Effluents of high toxicity were taken 
from locations where 
ject to little 


organisms 


sub- 
The 


effluents 


thev were 


action 


these 


biological 
present m 
apparently were 


not capable of pro- 


ducing significant changes in toxicity 


during the storage period. 


Summary 


1. A study was made to determine 
the effects of storage at room tempera- 
ture on the 


effluents. 
2 


toxicity of oil refinery 


Oil refinery effluents of four levels 
of toxicity were studied and the results 


of bio-assay tests performed are pre- 


sented, 


Dashed line is extrapolated TL,, value. 


3. Where median toler- 
ance limit was determined and treated 
statistically. 

+. Effluent 1 (TL,, 7) did not change 
in toxicity durine the 32-day storage 


possible a 


period. 
od. Effluent 2 (TL,, 18 


a significant change 


did not show 
in toxicity during 
the 30-day storag period. 

6. Effiuent 3 (TL, 65 decreased in 
toxicity during the fourth and eighth 
days of the 32-day storage period, 

7. Effiuent 4 did not kill a sufficient 
number of test animals to be treated 
that 
the effluent decreased in toxicity dur- 


statistically. There was evidence 


ing the storage period. 
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CONGRESS INTER-AMERICAN ASSOCIATION 
OF SANITARY ENGINEERING 


For the first time the United States section of AIDIS will be host 
to the 1962 meeting of sanitary engineers and public administrators of 
the Americas. The meeting will be held in Washington, D. C., June 
10-15, 1962, at the Departmental Auditorium, Constitution Avenue at 
3th Street, in downtown Washington. For the past 14 years these 
meetings have been held in Central and South American countries. 

A total attendance of 400 to 800 is expected and about half will be 
prominent sanitary engineers from the Latin American countries. 
Those attending will be men of considerable professional and _ official 
stature, many of ministerial and sub-ministerial level. Simultaneous 
translation service is anticipated to promote full understanding of the 
program by all. 


A strong technical program is being planned and with the support 
which has been forthcoming from the manufacturers, the U. S. Publie 
Health Service, and the International Cooperation Administration, an 
outstanding Congress will be assured. 

The 5-day meeting will cover water resources planning, water supply 
technology, wastewater management, public utilities management, refuse, 
general sanitation, radioactive contaminants, air pollution, industrial 
hygiene, and national water supply planning. 

An outstanding feature of the meeting will be exhibits by manu- 
facturers from throughout the Americas. Anyone interested in ex- 
hibiting at the meeting is invited to write to John G. Stewart, Manager, 
Water and Sewage Works Manufacturers Association, 165 Broadway, 
New York 6. 

All interested are invited to attend. The Willard Hotel, 12th and 
Pennsylvania Ave., N.W., will be headquarters. 

Kor further information write to: Edmund G. Wagner, ALDIS 
Congress Chairman, Office of Publie Health, International Cooperation 
Administration, Washington 25, D. C. 
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INDUSTRY AND POLLUTION ABATEMENT 


| Walter A. Lyon 


Can industry grow in the face of an 
active pollution abatement 
This question not 


program? 
only demands an 
answer, but suggests a form of proph- 
ecy which is a dangerous pursuit. 

and 
is growing in areas where active pollu 


Certainly industry has grown 

tion abatement programs exist. 
Both the question and the answer 

tend to be 


suggest that there is a direct relation- 


misleading because they 
ship between pollution abatement and 
industrial growth 
not true in the 
has been 


Certainly this was 
Industrial growth 
due to the 
wealth in human and natural resources. 


past 
primarily great 
Water has certainly been an important 
resource, but in the past it has been 
generally abundant and therefore has 
not presented a problem. 
One look at the list of 
water-using 


principal 
industries utilities 
leaves no doubt that they represent an 
impressive segment of American econ- 
This list chemical 


allied food 
products, textiles, pulp and paper, the 


omy. includes the 


and products industries, 


primary production of steel, copper, 
aluminum, petroleum and coal prod- 
and the 
power. 


ucts, generation of eleetrie 


General Experience in Pennsylvania 


In Pennsylvania control of indus- 
included in clean 
streams legislation until 1937. 
1,300 industrial 
lishments are treating 


trial wastes was not 
Today 
approximately estab- 
their wastes 
This represents the major share of the 
industrial establishments 


water-using 


Walter A. Ly 
of Sanitary E 
partment of Health, 

The paper was presente 
Meeting of the Water Poll 
eration in Philadelphia, Pa., 


This major effort in resource conserva- 
tion on the part of Pennsylvania in- 
dustry occurred during a period of 
industrial expansion and growth, and 
represents a fine record not merely in 
terms of dollars but also in terms of 
skill 


tangle with the complex problems of 


the engineering necessary to 
treating many types and varieties of 
industrial wastes 

food 


Of course, housekeeping and 


industrial waste treatment often re- 
sult in the recovery of usable materials 
which are otherwise lost. In some cases 


these savings have been appreciable 
although they rarely absorb the entire 
cost of waste treatment. 

There companies which 
that to their pollution 
would result in business failure. A re- 


cent analysis of business failures, pub- 


few 
abate 


are a 


claim 


lished by Dunn and Bradstreet, gives 
little evidence that regulatory activity 
by government, not to mention pollu- 
The 
Review 
there 


among 


is a factor at all. 
Dunn’s 
1959 


failures 


tion abatement, 
Mareh 1960 
reports that 
2.465 business 


facturing businesses 


issue of 
during were 
manu- 
92.8 per cent of 
these failures were reported as being 
eaused by inexperience and incompe- 
tence by management. The remaining 
failures appear to be due to neglect, 
fraud, disaster, or unknown reasons. 
It has been the experience in Penn- 
sylvania that companies having finan- 
cial difficulties for are 
often in difficulty with regard to their 
pollution 
The 


abatement 


other reasons 


abatement responsibilities 
pollution 
part in 


there is 


too. entoreement of 


laws may play a 


some business failures, but 
little evidence that this is a sienificant 
cause for failure. 

On the other hand, it has been ob- 


served that a successful, well-managed 
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business is more than eager to do a 
good job in treating its wastes. Man- 
agement considers this a business ob- 
ligation and a community responsibil- 
ity. In some cases management has 
even gone further than this and has 
actually encouraged its employees not 
only to help abate pollution within the 
plant, but also to support pollution 
control efforts at all levels of govern- 
ment. Attractive literature and other 
means of communication have been 
used to encourage employees to partic- 
ipate in this job. 


Future Prospects 


If, then, pollution abatement efforts 
have not affected industrial growth, 
what can be expected of the future in 
this regard? If production, popula- 
tion, and water use predictions prove 
reliable (in the past they have been 
low) then the total national daily 
water use in 1980 will be about equal 
to the dependable fresh water supply. 
This does not necessarily represent a 
critical problem. There has been much 
progress in learning how to reuse water 
and even to use treated waste effluents. 
Water is reused many times along the 
length of a stream. Some companies 
located in water shortage areas, both 
in this country and abroad, have shown 
that they can exist on a fraction of the 
amount used by industry generally. 
For example, the Humble Oil Refinery 
at Baytown, Texas, recirculates its 
water 15 The Fontana Plant 
of Kaiser Steel conserves water by the 
same method and consumes only 1.7 
per cent of the water per ton of steel 
used by the rest of the ste+l industry. 
European industry has shown that pro- 


times, 


duction can be increased in witer-poor 
areas even while water consumption is 
lowered. Certainly the cons»rvation of 
industrial water is only one solution 


to the pollution abatement problem. 


There are other problems which pre- 


and to which there 
must be sensitive and responsive ac- 
tion. This country in the past few 


sent themselves 
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decades has undergone rapid social 
changes which have had an unbeliev- 
able impact on the use of water re- 
sources, 

The general attitude toward work 
and leisure have changed markedly in 
the past several generations. Amer- 
icans are becoming a leisure-oriented 
society. There not only are more lei- 
sure hours available, but people’s lives 
are increasingly governed by leisure- 
time pursuits. The problem of recrea- 
tion and leisure is even beginning to 
affect the selection of industrial sites. 
Population movement is affected by the 
recreation-oriented magnetism of Cali- 
fornia, Florida, and Arizona. There is 
no question now that pleasant living 
conditions tend not only to influence 
where Americans live and work, but 
they also have a fabulous impact on 
the entire economy. 


Water and Recreation 


The important point to remember in 
connection with this emphasis on lei- 
sure and recreation is that many of 
these activities are related to water. 
The fact that healthy streams help 
create a healthy society is very real to 
us in Pennsylvania. A map showing 
the 2,000 miles of Pennsylvania streams 
made acid and ruined by mine drain- 
ave reveals that these are also the 
depressed areas. On the other hand, 
the Erie Chamber of Commerce re- 
ported that Presque Isle State Park in 
Lake Erie accounted for $33 million 
in new business and investment in the 
immediate area of the park in 1960. 
This ineludes $10 million in direet pur- 
chases by park visitors, and such eapi- 
tal improvements as new motels, 
restaurants, ete. The attendance at 
Pennsylvania’s state parks has tripled 
in seven years. Pennsylvania's recrea- 
tion ‘‘industry’’ is valued in exeess of 
$1 billion per year which would rank 
it eighth in relation to other industries 
and place it ahead of agriculture (on 
the farm) and mining. Last year 22 
million people, nearly double the popu- 
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lation, used Pennsylvania state parks 
and nearly all of these uses were as- 
with The 
visitors at the Corps of 
water projects in the United 
States increased from 16 
1950 to 107 million 

To most people proper recreational 
facilities 


sociated water. number of 
Engineer’s 
resource 


million in 


ast vear. 


mean water for boating, 
These 
increases in 
The Na- 
Engine and Boat 
that in 1958 
more than $2 billion was spent in the 


swimming, fishing, ete activ- 
ities large 


brought 
business and industrial sales. 


have 


tional Association of 


Manufacturers reports 


United States for boat engines and 
associated expenditures. Last year 
more boats were purchased in Cali- 


fornia than new 
These mean only one 
thing for pollution abatement in the 


Cars. 


changes can 


years to come—the 


necessity for pro 
teetine all surface waters, not just 
some, for recreational purposes. This 
means that streams must have con- 


sistently clean water in them and that 
treated dis- 


charge rather than to have the situa- 


wastes must be before 
tion where polluted waters are treated 


at the point of use, 


Problems to Be Solved 


In addition to the problem of gear- 
ing water resources to make them more 
attractive for further population and 
industrial growth. there are two other 
critical problems which must be met 
by industry and agencies 


of these is the 
the 


regulatory 
working together. One 
problem of sp Ils The 
need for 


second is 


research 
Spills 


As industries and municipalities 
abate their pollution, accidental spills 
or intentional discharges occur from 
time to time on streams which are now 
relatively clean. These oft 
kills. They are 


predictable To the 


n cause fish 
xpected and un 
Water works op 
erator who has adjusted his treatment 


to an improved quality, it may mean 


a sudden serious taste and odor prob- 
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lem, one which he has difficulty ex- 
plaining to consumers. 

Spills cannot be eliminated by writ- 
regulations them. They 
must be engineering 
measures and by management and em- 
ployees who are convinced of the need 


to do about 


ing against 


prevented by 


something this problem. 
An otherwise clean stream that is sub- 
jected to constant spills from indus- 
havoe 
with water users as one that is chroni- 
cally polluted. 


trial sources can raise as much 


Need for Research 


The other problem is the need to 
spend much more money for research 
on the many new chemicals that are in 


use and passing through treatment 
works relatively unehanged. Waste 
treatment technology has so far not 
developed methods for treating them. 


Very little is 


these new chemicals, particularly about 


known about some of 
their toxicity to humans on a low-level, 
long-term basis or how to deteet them 
in the low concentrations in which they 
often oeeur. 


Summary 


To sum up, there seems to be ceneral 
agreement that active pollution abate- 
the 
impeded industrial growth, and in the 
future 


ment programs have in past not 


can only enhance economic 


streneth because of the increasing im- 


portance of water resourees to society. 


Increased free time is making society 


so leisure-oriented, and water is. so 


much a part of leisure time pursuits 


that healthy industrial growth in this 
those sections 


country is occurring in 


where climate and water resources go 
hand in hand to provide an ideal rec- 
reational playground 

Recreational and leisure activities 
are essentially water-oriented and thus 
higher 


Therefore, 


require a quality of water in 


the stream all waters must 
be protected for recreational, as well 
and industrial 


as domestic needs, 


order to support nation-wide economie 


erowth. 
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DEEDS AND DATA 


‘<The only thing that never changes is the fact that nothing remains the same,’’—Anon. 


Operational Data from the Annual Reports of Coral Gables, Fla., 
Gary, Ind., Jackson, Mich., Lexington, N. C., and Toledo, Ohio. 


W. C. Tims, Superintendent, Division of Sanitary Sewers, Coral Gables, Fla.; 
W. W. Maruews, Superintendent, Gary Sanitary District, Gary, Ind.; R. A. 
GREENE, Superintendent, Sewage Treatment Plant, Jackson, Mich.; JaMEs G. 
STaLuines, Superintendent and Chemist, Sewage Treatment Plant, Lexington, 
N. C.; and James E. Froox, Commissioner, Division of Sewage Disposal, Toledo, 


Ohio. 


Operational Notes 


The staff of the Coral Gables plant 
has a continuous operator training 
course in effect and the majority of 
employees are certified with the State 
Board of Health. Operators are al- 
lowed to attend Regional Short Schools 
and the State Short Course in Water 
and Sewage at Gainesville. Also the 
personnel are urged to take advantage 
of special courses given by the Univer- 
sity of Miami. The expense of this 
additional training is shared by the 
City and the operators. 

The grounds beautification program 
has been completed and an old surge 
tank has been converted into a repair 
and maintenance shop. This plant, lo- 
cated on the campus of the University 
of Miami, is maintained beautifully 
and complaints from nearby installa- 
tions are few. 


Equipment Additions 


The Jackson, Mich., sewage plant has 
begun to increase its efficiency with ad- 


ditional equipment added during the 
past year. This equipment includes: 
a new sereen building with a coarse bar 
screen, two barminutors, a grit tank 
and grit removal equipment, a Parshall 
flume, and meter. Improvements were 
also made to the collection system, par- 
ticularly to the pumping stations. 


Industrial Wastes 


Sewer ordinances have redueed the 
industrial wastes introduced into the 
sanitary system at Jackson, but ocea- 
sionally some are introduced inadvert- 
ently and operational changes are in- 
stituted to handle the unusual wastes 
until the flow returns to normal. 


Operating Results 


Table I shows the operating results 
from the five activated sludge plants 
listed in the heading of the article. 
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TIPS AND QUIPS 


What Price Water—Salt or Fresh? 


Despite the current great excitement 
about desalting the sea, the price of 
water delivered to your kitchen tap is 
still only a fraction of the cost of fresh 
water from the sea at the desalting 
plant. On the valid 
comparison, even the cheapest desalted 
the twenty 
times as expensive as fully treated 
fresh water. Thus, according to the 
American Water Works Association, it 
will be 


basis of a cost 


sea water is on order of 


some time before desalted sea 
water can be considered an economical 
alternative to fresh water as the sources 
of domestic water supply. 

Actual desalting the new 
Freeport, Tex., plant and other instal- 
lations are reported to be approxi- 
mately $1.00 per thousand gallons and 
up. 


costs at 


There have been numerous claims 
of lower costs for unproved techniques 
and devices, but the $1.00 figure is gen- 
erally accepted as the present goal for 
desalting. In the current enthusiasm 
about progress in the field of desalting, 
supporters have made much of the com- 


parison between $1 per thousand-gal-. 


lons of desalted water and fresh water 
at 20 to 70 cents per thousand gallons. 
The comparison, however, is the cost of 
operating a desalting plant, without 
taking into account depreciation of the 
equipment or delivery of the water or 
the administrative expenses involved in 
its sale, with the price of publie sup- 
ply at the tap at the highest unit rate. 

The average cost of a thousand gal- 
lons of water to public water suppliers, 
as indicated by a recent survey of 497 
utilities in the United States, was 12.3 
cents, but this figure ineluded not only 
the cost of treatment, but that of dis- 
tribution, depreciation of plant equip- 
ment, and costs. The 
cost of treatment for fresh water, in- 
cluding softening, approximates 5 cents 


administrative 


per thousand gallons. And this is the 
figure that is comparable with the $1.00 
cost of desalting. 

As the Association sees the desaliniza- 
tion program, current 
real importance as a means of prepar- 
ing the nation for the future and, even 
more, as a means of benefiting some of 
the many water-short of the 
world. In the United States, however, 
total consumptive use of water at the 
present time is only about 10 per cent 
of the total fresh water supply econom- 
ically available. 


research is of 


areas 


Thus, except in most 
unusual circumstances, desalted water 
is of much less interest to publie water 
suppliers than normal utility facilities. 


Soap Sales * 


Soap and synthetic detergent sales 
hit a new peak in 1960, aecording to 
the Association of American Soap and 
Glycerine Producers, Ine. 

Fifty-eight manufacturers, represent- 
ing a substantial portion of the indus- 
try, reported sales totaling 4.4 billions 
pounds valued at $1.1 billion. Sales 
were up 2.3 per cent in volume and 2.4 
per cent in value from 1959, the previ- 
ous record. 

Sales of synthetics amounted to 3.5 
billions pounds and $800.6 million, an 
increase of 3.3 per cent in pounds and 
3.4 per cent in dollars over 1959. 

Soap sales were about the same as 
1959. 


Simple 

A $47,600 bond issue was passed by 
one vote. The only eligible voter of 
Sewer District No. 6 of the Quindaro 
Township, Kansas City, Kans., voted 
yes. 

* From California Water Pollution Control 
Association Newsletter, Vol. 12 (Aug. 1961). 
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1961 Prize Winners Announced 
by ASCE 


Recipients of the 1961 prizes, awards, 
and fellowships of the American So- 
ciety of Civil Engineers have been an- 
nounced following action by the ASCE 
Board of Direction. 


Medal—Gold medals to 
Lorenz G. Straub and Alvin G. Ander- 

Min- 
paper, 
Chan- 


They inelude: 


Norman 


son, University of Minnesota, 
neapolis, Minn., 
**Self-Aerated 


nels.”’ 

d. James R. Medal A vold 
medal to George Winter, Cornell Uni- 
versity, Ithaca, N. Y., for technical pa- 
per, 


Beams. 


technical 
Flow in 


for 
Open 


Croe 


Lateral Bracing of Columns and 


Fitch Rowland Prize—aA 
cash award and certificate to Robert 
L. MeNeill, Oakland, Calif.. and II. 
Bolton Seed and Jacques de Guenin, 
University of California, Berkeley, for 
technical Strength In- 
crease Caused by Repeated Loading.”’ 


Laurie Prize 
and certificate to J, 
Rafael, Calif., for technica] 
** Rockfill Wishon and 
right Conerete Face Dams.”’ 
Prize—A award 
and certificate to Sidney A. Guralnick, 
Illinois Institute of Technology, Chi- 
cago, for technical paper, ‘‘Streneth of 
Reinforced Concrete Beams.’ 


Thomas 


paper, **Clay 


James A eash award 
Barry Cooke, San 
paper, 


Dams: Court- 


Collingwood cash 


Arthur M. Wellington Prize 
award 


A cash 
certificate to William 
Lambe, Massachusetts Institute of Tech- 


and 


nology, Cambridge, Mass., for technical] 
paper, Compacted Clay: Engineering 
Behavior.’’ 

Construction Engineering Prize A 
cash award and certificate to Gail 
Knight, Roscoe, N. Y.. for technica] pa- 
per, “‘Conereting the West 
Tunnel,’’ 


Rudolph He Me dal 
medals to A. L. Tholin 


Delaware 


Bronze 


and Clint J, 
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. bronze medal to R 


October 196] 
technical 
‘Hydrology of Urban Runoff.”’ 

Karl Emil Hilgyard Hydraulic Prize 

Cash Hunter and 
Tien To Siao, State University of Iowa, 
lowa City, 


Keifer, Chicago, for paper 


award to Rouse 
lowa, and S. Nagaratnam. 
Chicago, for technical paper, ‘‘Turbu- 
lence Characteristies of the Hydraulic 
Jump.”’ 


Thomas A Viddlebrooks 
Cash award to J. Barry Cooke, San 
Rafael, Calif., and I. C. Steele. San 


d ward 


Francisco, Calif., for technical paper, 


“Salt Springs and Lower Bear River 


Conerete Face Dams.’’ 


Moisseiff Award—A bronze medal to 
John A. Blume, San Francisco, Calif. 
for technical paper, ‘Structural Dy- 
namics in Earthquake-Resistant De- 
sign.’’ 

Rickey Medal—A bronze medal to 
Torald Mundal, San Francisco. Calif., 
for technical paper, *‘ Rockfill 
Brownlee Sloping Core Dam.”’ 


Dams: 


J.C. Stevens Award Books as prize 
to Daryl B. Colorado State 
University, and Everett V. Richardson, 
U. S. 
Colorado. 


The odore 


Simons, 


Geological Survey, Kort Collins, 


Karman Ve dal A 
D. Mindlin, Colum- 
bia University, New York City, in ree- 


von 


ognition of distinguished achievement 
in engineering mechanies. 


Earnest E. Howard Award A gold 
medal to Herschel H. Allen, Baltimore. 
Md., for contributions made to advance. 
ment of structural engineering. 


Freeman llowship—A $3,000 erant 
to Jacques W. Delleur, Purdue Univer- 
Sity, Ind., for proposed 
study and research of secondary flows 
in non-circular conduits. 


Lafayette, 


Research Fellowsh ip—A $5,000 erant 
to Robert Brown Anderson. Carnegie 
Institute of Technology, Pittsburgh. 
Pa., for proposed original research in 


the field of brittle fractures. 
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WPCF PUBLICATIONS 


JOURNAL of the WATER POL- 
LUTION CONTROL FEDERA- 
TION (SEWAGE AND INDUS- 
TRIAL WASTES until January 
1960) 


Official monthly publication of the 
Water Pollution Control Federation. 
An average of over 1,100 text pages 
annually affords coverage of all phases 
of research, design, construction, oper- 
ation and management of works for 
the collection and treatment of sewage 
and industrial wastes as well as re- 
search and administration in stream 
pollution control and abatement. Ma- 
jor part of published material comes 
from technical programs presented at 
meetings of the Federation and its 
Member Associations. Edited by Ralph 
E. Fuhrman, Executive Secretary of 
the Federation. Single copies: U.S.A. 
and Canada, $1.25 each. Foreign, $1.50 
each, Subscriptions: U.S.A. and Can- 
ada, $10.00 for one year. Foreign, 
$11.50 for one year. 


TWENTY-YEAR INDEX TO 
SEWAGE WORKS JOURNAL 


The first twenty volumes (115 num- 
bers) of SEWAGE WORKS JOUR- 
NAL, covering the period 1928 through 
1948, encompass an era of great prog- 
ress in sewage and industrial wastes 
disposal. This index comprises three 
main sections, with listing by author, 
subject, and geographical location, En- 
tries include the entire content of the 
JOURNAL—papers, editorials, com- 
mittee reports, abstracts, Federation 
affairs, and fillers. Special attention 
has been given to the emphasis of key 
words and to cross-indexing. It is de- 
signed to lead the searcher to the ref- 
erence quickly. 144 pages, bound in 
buckram. Price $3.00. 


TEN-YEAR INDEX TO SEWAGE 
AND INDUSTRIAL WASTES 


Volumes 21 through 30 of SEW- 
AGE AND INDUSTRIAL WASTES 
(volume 21 was SEWAGE WORKS 
JOURNAL) covering the period 1949 
through 1958. This index continues 
the pattern set by the earlier Twenty- 
Year Index in its three main sections 
of author, subject, and geographical 
listings. The index reflects special care 
in providing entries which are easy to 
locate and identify. Liberal use of 
multiple listings is included to faeil- 
itate ease and effectiveness to the user. 
168 pages, in buckram, $4.00; and in 
heavy paper, $3.00. 


GLOSSARY—WATER AND SEW- 
AGE CONTROL ENGINEER- 
ING 


Prepared by a joint committee rep- 
resenting WPCF (then FSIWA), 
ASCE, AWWA, and APHA. Con- 
tains 2,600 terms pertaining to nomen- 
clature of hydrologic, hydraulic, and 
sewage works engineering fields. Paper 
cover edition $1.00. 


Manual of Practice No. 1—SAFETY 
IN WASTEWATER WORKS 


This first and most popular Federa- 
tion ‘‘Safety Manual’’ has been re- 
vised and up-dated (1959) by the Fed- 
eration Safety Committee. It includes 
safety information for operation and 
design of wastewater collection and 
treatment works. 64 pages. Single 
copies $1.50. 


Manual of Practice No. 2—UTILI- 
ZATION OF SEWAGE SLUDGE 
AS FERTILIZER 


Prepared by WPCF Sewage Works 
Practice Subcommittee on Sludge Uti- 
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lization for Fertilizes \n authorita 
tive evaluation of the advantages and 
limitations of sewage sludge as a soil 
conditioner. (Contains 45 tables, 251 
references. 120 pages. Single copies 


$1.25. 


Manual of Practice No. 5—AIR DIF- 
FUSION IN SEWAGE WORKS 


Prepared by the WPCF Committee 
on Air Diffusion, this Manual is a 
practical and useful guide to designers 
and operators of sewage works and in- 
dustrial wastes treatment plants. The 
Manual traces the history of air dif- 
fusion as applied in sewage treatment, 
and outlines modern practice in design, 
installation, operation, and mainte- 
nance of diffuser systems and appurte- 
nances, Bibliography of 61 references. 


75 pages. Single copies $1.25 


Manual of Practice No. 6—UNITS 
OFEXPRESSION FORWASTES 
AND WASTE TREATMENT 


Prepared by the WPCF Subcommit- 
tee on Units of Expression, this Manual 
lists recommended units for quantities 
ordinarily encountered in wastes and 
waste treatment. It attempts to elim- 
inate the heterogeneous units which 
have grown into sewage and indus- 
trial wastes practices. 8 pages. Sin- 


gle copies 50¢. 


Manual of Practice No. 7—SEWER 
MAINTENANCE 


Prepared by the Federation Com- 
mittee on Sewer Maintenance. <A guide 
to the proper practices for maintaining 
a municipal or industrial drainage 
system in serviceable condition. Ex- 


amples of practice for systems of all 


sizes are included. About 70 pages. 


Well illustrated with nearly 15 pages 
of figures. Single copies $1.50. 


WPCF October 1961 


Manual of Practice No. 8—SEWAGE 
TREATMENT PLANT DESIGN 


Prepared by a Joint Committee otf 
the Federation and ASCE. A detailed 
presentation based on information ob- 
tained from actual practice. 374 pages. 
Illustrated and documented with nu- 
merous references. $7.00 each. 


Manual of Practice No. 9—DE- 
SIGN AND CONSTRUCTION 
OF SANITARY AND STORM 
SEWERS 


Prepared by a Joint Committee of 
the Federation and ASCE. A presen- 
tation of the subject in full detail, 
based on the experience of many in 
this work. 283 pages. Fully iilus- 
trated and documented. $7.00 each. 


Manual of Practice No. 10—UNI- 
FORM SYSTEM OF ACCOUNTS 
FOR WASTEWATER UTILI- 
TIES 


Prepared by the WPCF Committee 
on Sewage Works Finance. A 72-page 
revision of the 1949 accounting man- 
ual. Discusses origin, nature, and 
mechanies of accounting; the applica- 
tion of accounting to the administra- 
tion of wastewater systems; presents 
the uniform system of accounts; de- 
velops a system of accounts for use in 
a medium-sized utility; and provides 
examples of the use of the uniform 
system. Single copies $3.00. 


Manual of Practice No. 11—OP- 
ERATION OF WASTEWATER 
TREATMENT PLANTS 


Prepared by the Federation Com- 
mittee on Operation of Sewage Plants. 
Nearly 200 pages of comprehensive, 
well-illustrated material covering all 
phases of operation. Written for the 
operator, it should make life easier for 
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those now operating and should be 
indispensable in training new opera- 
tors. The 22 chapters, each discussing 


a major topic of significance to the 


operator, were serialized in the Jour- 


nal. Single copies $3.00. 


BINDER 


Multiple wire, 2-inch capacity, for 
all manuals listed except the Account- 
ing Manual, and Manuals 8 and 9. 
Embossed with lettering and Federa- 
tion seal in gold. $2.00 each. 


When remittance accompanies order, postage will be paid. Checks may be 
made to WPCF. For invoiced orders, postage is added to the invoice. Send 


orders to: 


WATER POLLUTION CONTROL FEDERATION 


$435 Wisconsin Avenue 


Washington 16, D. C. 
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NEWS AND NOTES 


People and Events in the Wastewater Field 


H. W. Streeter, of the U. S. Public 

Health Service and one of 

stream pollution studies, died recently. 
Gordon M. Fair, Harvard University, 


has accepted the Chairmanship of the Com 


the pioneers in 


mittee on Sanitary Engineering and En- 
vironment of the Division of Mediea! Sei 
ences, National Academy of Science, Na 
tional Research Couneil Abel Wolman, 
Johns Hopkins University, is the retiring 
Chairman. 

Clinton L. Bogert has retired as an 
active member of the firm of Clinton Bo- 
gert Engineers. » will eontinue as a 
consultant to the rin. 

A. L. Van Luven has been appointed 
Vice-Chairman of the newly-formed Que 
bee Water Purification Board. He for 
merly was with H. E. MeKeen & Co. Ltd. 

Stanley Lenox is heading the Divisional 
Product Planning and Development group, 
a new activity with the Permutit Company. 

William L. Berk has joined Lakeside 
Engineering Corporation { Director of 
Product Development. » has heen with 
Yeomans Brothers Co. the past six years. 

Major C. Hagar has resigned as Gen 
eral Manager of the Sedalia (Mo.) Water 
Department to accept the newly created 
position of Director of Services for the 
City of Lee’s Summit, Mo. 

Charles E. Smith, Jr. has been ap 


pointed as process equip ent regional sales 


manager by Chain Belt Co. He will re 
main in the Philadelphia office. 

B-I-F Industries is now a division of 
the New York Air Brake Company. 

Fenton H. Dobb, Supervisor of Indus 
trial Wastes Engineering for the Citv of 
Cineinnati, Ohio, is retirine November 1. 

R. D. Wood Company has moved its 
general offices to Florence, N. J. 

Fred H. Puckhaber is now associated 
with Black and Veateh of Kansa itv, Mo. 
He will be located in Dallas, Tex. 

Frank A. Butrico is heading » Office 
of Resouree Devel pment, newly estab 
lished within the Bureau of ate Services 
of the U. S. Public Health 

William R. McGarry is 


dent of United States Conere 


a subsidiary of Pittsburgh Coke and Chemi- 
eal Co. 

Lloyd D. Knapp, Commissioner of Pub 
he Works of Milwaukee, has been nomi- 
nated as a Regional Director of the Ameri- 
ean Publie Works Association. 

David R. Miller has left the position 
ol special sanitary engineer for the Ninth 
Naval District to form the firm of David 
R. Miller and Associates. Emery Ikan, 
formerly of Yeomans Brothers Co., is as- 
sociated with the new firm. 

Edwin J. Barton and Kenneth R. 
Brown have left O’Brien & Gere to become 
partners in the new firm of Barton, Brown, 
Clyde, & Loguidice in Syracuse, N. Y. 

Morton I. Goldman has joined Nucleat 
Utilities Services, Ine., of Washington, 
D. C. He leaves the U. S. Public Health 
Service for this new post, 

Arnold H. Haverlee, former Technical 
Director of Cloroben Chemical Co., has 
been appointed Technical Director of the 
Director of the Division of Pollution Con- 
trol Chemicals of Fine Organies, Ine. 

Alfred P. Bernhart, President of the 
engineering firm of Alfred P. Bernhart As 
sociates Ltd., Toronto, Ont., has received 
an appointment as Assistant Professor of 
Civil Engineering at the University of 
Toronto. 

Robert E. Steimke is the new Director 
of the Experiment Station at the Georgia 
Institute of Technology. 

Harold E. Babbitt, Professor Emeritus 
of Sanitary Engineering at the University 
of Illinois, is spending the 1961-62 aea- 
demie vear in India as part of a team 
Americar experts who will be assisting to 
Indians in an improved educational pro 
gram. The project is sponsored by ICA 
and the University Wisconsin. Pro 
fessor Babbitt will » located at the Uni- 
versity of Roorkee, 

Ray L. Derby, Principal Sanitary En 
gineer in the Los Angeles Department of 
Water and Power; and Fred Merryfield, 
Partner, Cornell, Howland, Hayes & 
Merryfield, recently were elected to hon 
orary membersh p in the American Water 
Works Association. 
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CURTAIN OF FLAME’ | 
RES POSITIVE IGNITION 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...a high pedestal, packed with 
insulation to prevent freezing...and rugged construction, 
with all parts made of steel, stainless steel or heat-resistant 
cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 
For full information on the Varec Waste Gas Burner—or 
Varec’s complete line of advanced design gas control equip- 
ment, write for Catalog S-4, Dept. JWP-1222-8. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street * Compton, California 
Branches and Representatives in Principal Cities 
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PROCEEDINGS OF MEMBER ASSOCIATIONS | 


NEW YORK WATER 
POLLUTION CONTROL 
ASSOCIATION 


The 33rd Annual Meeting of the New 
York Water Pollution Control Associa- 
tion was held at the Park Sheraton 
Hotel, New York City, Jan. 18-20, 
1961. A total of 290 members and 
cuests was registered. 

The annual dinner meeting of the 
Executive Committee was held on Wed- 
nesday, Jan. 18. Following reports of 
the Executive Secretary and Treasurer, 
there were remarks by the guests from 
the Federation. President Ray E. 
Lawrence the Federation’s 
recent Surgeon 
Pollution 
Secretary 


discussed 
participation in the 
General’s Conference 
Abatement. 


on 
Executive 


Ralph E. Fuhrman discussed the name 
change, membership, the new Federa- 
tion exhibit booth, and the action on 
the invitation to hold the 1967 Fed- 
eration convention in New York City. 
Philip A. Ridgely, with the Federa- 
tion’s Washington office, spoke on its 
publie relations plans, the purpose of 
the new exhibit, and the need for pub- 
lie relations by each Member Associa- 
tion on the local level. 

The Annual Awards Luncheon was 
attended by 181 members and guests. 
Mr. Lawrence presented the Bedell 
Award to C. E. Irving, Superintend- 
ent, Bureau of Sewage Treatment, 
Schenectady ; and the Hatfield Award 
to F. J. Cramer, Superintendent, 


(Continued on page 587 a) 


VERSATILE... COMPACT 
ODORLESS 


Above Ground 
Sewage Lift Station 


Lower Purchase and Maintenance 
cost 

Maintenance Ease 

Most accessible impeller on the 
market 

Exclusive Davco non-clog 

self priming sewage pump. 


Write today for 
complete details and specifications 


DEPENDABLE... AUTOMATIC 
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Graver Water Conditioning Co 

Ve Rr Cr 

Filters, Vacuum (also see Vacuun 
Bird Machine 

Dorr-Oliver Inc 

Ei Corp 

Proportioneers Div., B-I-F Industries 


Floceulating Equipment 
Alpha Ltd (Switzerland) 
ri V r < 


Ame Well Wor 

R 1 B. Carter € 

Ch Belt ¢ 

Dorr-Oliver I 

Cort 

Graver Water Conditioning Co 
Har ge Cr Inc 


Jeff Mi Co. 
Lakeside Engineering Corp. 
I k-Belt ( 
Permutit Co., Div. of Pfaudler Per- 
ot ( rp 
Walker Process Equipment Inc. 
Zimmer & Francescon 
Flotation 
Chain Belt ( 
| Oliver In 
I Corp 
Gr r Wat nditioning Co. 
K ne 1 Er igr. Corp. 

rp 


Penn Meter 


Gas Control Equipment 


4 Ltd. (Switzerland) 

R h B. Carter Co 

( go Pump Ci 

Dorr-Oliver Inc 

ij ( Pp 

Fox! ( 

H te Valve Mig. Co. 

I I h Tank Ce 

Penn Instruments Div., Penn Meter 
( 


& Francesc 


7 

Gas Diffusers (see Diffusers, Gas) 

Gas Holders, Boilers, and Ap- 
purtenances 


Carter 


Ei Corp 
Johns-Manville Sales Corp 
Walker Process Equipment Inc. 
askets 
’ Manville Sales Corp 
Keasbey & Mattison ¢ 
Grates 
Armco Drainage & Metal Products, 
I 
Filtration Equipment Corp 
Industrial Materials 
Snow Gates & Valves, Inc 
Generators 
irbanks, Morse & Co 
Gener Electric ( 
Westingt e Electric Corp. 
Worthington Corp 
Grease Control Materials 
Rhodi nc 


Grinders (also see Shredders and 
Grinde 

A itd (Switzerland) 

Ame Well Work 

Ct Be 

Gruendler Crusher & Pulverizer Co 
effre Mig. ( 

Brothers Ce 

Grit Collection and Condition- 


ing Equipment 

pha Ltd. (Switzerland) 
Ameri Well Works 
Ch Belt Cx 
( go Pump Co. 
Dorr-Oliver Inc. 
Eir Corp 
I Inc 
Mig 
c-Belt Co 
Corp 
Process Equipment Inc. 
r & Francescon 


Co. 


D 
Inf 
La 
= 
= 
Penn Instruments Div., 
| 
| 
gg | Varec, I 
Perry-Austen M Co W I 
Co Blowers, and Compressors ) ; 
Chicago Pump ¢ 
Lakeside Engineering Corp 
Dorr-( 
ibe, | 
I | 
ing 
: 
| 
| ‘ 
| 
| 
i 
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Water and Sewage Treatment Plant, | 
The guest speaker, Myron | 
Physicist, | 


Rochester. 
H. Bengson, Applications 
General Electric Co., 


Radnor, Pa., 


spoke on, ‘‘ Waste Disposal in a Space 


Vehicle.’’ 
Papers presented were : 
‘*Plating Waste Treatment 

Longer a Necessary Evil,’’ 

rence A. 


No 
by Law- 
Greenberg, Systems Applica- 
tion Engineer, Fischer and Porter Co., 
Warminster, Pa. 

‘Effect of Laundry Wastes. on 
Ground Water Supply,’’ by Barry 
Andres, Sanitary Engineer, C. W. 
Lauman Co., Hicksville; and John M. 
Flynn, Associate Public Health Engi- 
neer, Suffolk County Health Dept., 
Riverhead. 

‘*Activated Sludge Treatment of 
Kraft Waste at the Upper Potomac 
River Commission Plant,’’ by Francis 
P. Coughlan, Associate, Hazen 
Sawyer, New York City. 

‘*Industrial Wastes Treatment Aids 
in Pollution Abatement Control,’’ by 
Rolland W. Simpson, Chief Sanitary 
Engineer, Gilbert Ine., 
Reading, Pa. 


and 


Associates, 


Panel discussion on: ‘‘Publie Rela- 
tions for Sewerage and Waste Water 
Treatment,’’ with Hartley Sandt, 
Johns Manville Sales Corp., Glen Cove, 
as moderator. The following took part 
in the diseussion: Kermit Hill, Public 
Relations Counsel, Astro Ageney, Ine., 
Rochester; Dean Kearsh, Account Ex- 
ecutive, J. Walter Thompson Advertis- 
ing Agency, New York City; Ernest 
Neufeld, Executive Director, Borough 
of Queens, New York City; Robert D. 
Hennigan, Chief, Water Pollution Con- 
trol Section, State Department of 
Health, Albany; and Kenneth S. Wat- 
son, Consultant, Water Management 
and Waste Control, General Electric 
Co., Schenectady. 


‘*Pollution Abatement Program of | 


the City of Rochester,’’ by John L 
Lewis, Commissioner of Public Works, 


(Continued on page 592a) 


NUCLEAR SLUDGE 
DENSITY CONTROL 
CUTS COSTS! 


Pump more solids—less liquid. 
Increase digester capacity and 
efficiency. 
m Reduce heat and power costs. 
m= Handle less supernatant. 


EXCLUSIVE OKMART ADVANTAGES: 


Ohmart gages have a precision and 
repeatability of + 2% of full scale 
range or better, with ranges as nar- 
row as 0-10% solids available. 
Ohmart systems operate with high 
signal-to-noise ratio; are unique in 
their stability and simplicity. Low- 
drift circuit requires only 5-minute 
semi-monthly standardization check. 
Rugged gage construction with- 
stands severe atmospheric and me- 
chanical conditions. There are more 
Ohmart Nuclear Gages in operation 
in the waste disposal field than all 
others combined. Look to Ohmart to 
yield high savings in your treatment 
plant. Performance to specification 
is guaranteed. Write for Bulletin 
SD-2 for full details. 


THE OHMART CORPORATION 


4245 Allendorf Dr., e Cincinnati 9, Ohio 


ENGINEERING REPRESENTATIVES IN PRINCIPAL AREAS 
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SSS: 


R binson 


Stebbins 


Joints, 


Westingh 


Grounds 


Heating Equipment 
ters and Buildings 
Alpha L 


td. 


(Switzerla 


Ralph B. Carter Co 
Chicago Pump Co 
Dorr-Oliver Inc 

Eimco Corp 

General Electric Co. 
Infileo Inc 

Link-Belt Co 

Pacific Flush Tank C 
Walker Process Eq I 


Incinerators 


Jointing Mi ate rials 


Clay 
Engr 


Prod 
& Mig 


Mechanical 


Robir Clay Product 

Sn sith Blair, Ir 

U. S. Pipe & Foundry 

Laboratory 
Supplies 

Filtration Equipment 

Fisher Scientific ¢ 

General Chemical Div., 
ical Corp 

Hach Co 

Stuart Corp. 

Lift Stations 

Daveo Corp 

Smith & Loveless 

Tex-Vit Mig. Co 

Yeomans Brothers Co 

Lighting Fixtures 

General Electric Co. 


use Electric 


Maintenance 
ment and Supplies 
Homestead Valve Mig 


Equipment 


nd) 


Combustion Engine 

Nichols Ex & R 

Walker Process Eq 

Zimpro, Div. of St Inc 

Insect Control 

Brooks Chemicals, Inc 

Glenn Chemical Co 

Inspection, Sewers 

Centriline Corp 

Inspectoline Inc. 

National Water Main Cleaning ( 

Instruments, Recording and 
Control (also see 
Recorders) 

Builders-Providence Div., B-I-F In- 
dustries 

Fischer & Porter (¢ 

Fisher Scientific Co 

Foxb« 

1 Electric Ce 

truments Div 

Ohmart Corp. 

Penn Instrume Di Penn Mete 
C 

Rockwell Mfg. C 

Wallace & Tiernan In 

Westinghouse Electric Corp 

lon-Exchange Equipment 

Brooks Chemica 

Permutit Co., Div. of Pfaudler Per- 
n tI 

4. Smith 


Americt an Concrete’ Pre re Pipe 
As 

W.S “Di key ( Mig. 

Keasbey & Ma ( 

National Clay Pipe of Inc 


and 


llied Chem- 


Corp. 


Equip- 


for Diges- 
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Lubricants 

Homestead Valve Mfg. Co. 
hns-Manville Sales Corp 

Manhole and Inlet Castings 
erican-Marietta Cc 

\ arec, Inc 

Materials 

Ma ¢ 


Price 

Meter Boxes 

Johns-Manville Sales Corp 

Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Builders-Providence Div., B-I-F In 

B. Carter Co 

Filtration Equipment Corp 

Fox ( 

Infi I 

M € is-Honeywell Regulator Co., 
I Instruments Div 

Penn Instruments Div., Penn Meter 
( 

Rock we Mig. ¢ 

R ( nersville ower, Div. of 
I er Industries Inc 

S x Valve and Meter Co 

W gt Corp 

Mixing Devices 

4 a Lt Switzerland) 

Ame Well Works 

I B. Carter Ce 

Cr Belt 

Dorr-Oliver I 

I Corp 

Inf In 

Jeffrey Mig. 

Walker Proce pment Inc 

We Div Machinery Co 

Motors 

Ct g imp 

} k Morse & ( 

Ge Electric Ce 

Link-Belt Ce 

4. O. Smith Corp 

Westinghouse Electric Corp 

Worthington Corp 

Nonsies, Spray 


g C 


Engineeri 


Odor Control Materials 


I ee Cory 

W & Tiernan Inc 

Odor Counteractants 
ke I 

B ks Chemicals, Ir 

Invex, I 


Package Treatment 


$ h & Loveless 

W er Process Equipment Inc 

Ve B vers Co 

I 

] ville Sales Corp 

Keast & Mattison Cc 

Paints and Protective Coatings 

Ame Corp 

Ine Co., Ine 

K rs Inc 

Perr \ t Mig. Ce 

Smith & Loveless 

Stet Engr. & Mfg. Co 

Pipe, Asbestos Cement 
lustrial Materials Co 

Jot Mar Sales Corp 

Ke bey & "Mattison Co 

Pipe, Cast Iron 

American Cast Iron Pipe Co 

Cast Iron Pipe Research Assn 

Griffin Pipe Div., Griffin Wheel Co. 


Industrial Materials Co 
U 


S a & Foundry Co. 

R. D Co 
Pipe, Clay 
W. S. Dickey Clay Mfg. Co. 
Indust trial Materials Co. 
National Clay Pipe Mfrs., Inc. 
R bin Clay Product Co. 
Pipe C leaning 

as ine Corp. 

le Inc 


stead Valve Mig. Co 

il Water Main Cleaning Co. 
Stewart, Inc 

Pipe Coatings and Linings 
Amercoat Corp 

Amer 


in Pipe & Construction Co 
Cer e Corp 
K Ce Inc 
Locl int P ipe ( 
National Water Main Cleaning Co 
Perry-Auster fg. Co 
Ste Engr. & Mfg. Co 
Pipe, Concrete 
American Concrete Pressure Pipe 


merican-Marietta Co 
American Pipe & Construction Co. 
J 


Lock int Pipe Co 
Price Br thers Cx 
Pipe, Fiber 

Sor Products Co 
Pipe 


Fittings 
( 


Ame Pipe Co 

Cast I Research Assn 

lay Mig. Co 

Griff iffin Wheel Co. 

Keasbe} ‘ ( 

Price Bre thers 

Robir Pri duct Co 

ith I 

U Pipe oe Foundry Co 

R. D.W 

Pipe Jointing Materials § (see 
Jointing Materials) 

Pipe, Plastic 

Amercoat Corp 

Evanite Plastic Co 

Lock Joint Pipe Co. 

Pipe, Repairs 

Centriline Corp. 

Smith-Blair, Inc. 


Pipe, Steel 

American Pipe & Construction Co. 

Arr Drainage & Metal Products, 
I 

Keasbey & Mattison Co 

4. O. Smith Corp 


Plastic Pipe Products 
Amercoat Corp 
I ic Ce 


Publications 


American City Magazine 

Er eering News-Record 

Liverpool University Press (England) 

Put Works Magazine 

Wastes Engineering Magazine 

Water & Sewage Wor 

Pr Controls 

B rs-Providence Div., B-I-F In- 
a trie 

Chicago Pump Co 

Fischer & Porter Co 

Foxt ( 

Ger ] Co 

s-Honeywell Regulator Co., 
Brown om truments Div 

Penn Instruments Div, Penn Meter 
( 

Rockwell Mfg. Co 

Smith & Loveless 

We ghouse Electric Corp, 

Worthington Corp 

Zimmer & Francescon 


aes 
| 
| 
5 
| 
| 
vent Inc P 
3 
wom 
| 
Airkem, Inc 
Brooks Chemicals, Inc | 
Invex Ir 
| 
Chai felt 
Chicago Pump Co. Keasbey & Mattison Co. 
Sate American Cast Iron Pipe ¢ Dorr-Oliver Inc Lock J Pipe Co s 
W. S. Dickey C Mig. Co | Inf Ir 
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Personnel 
Service 


Classified ads will be accepted for ‘“‘Personnel Aval- 
able” and “Personnel Wanted” only. Rates are $1.50 
per line, with minimum of $5.00. Deadline for ad copy 
10th of the month preceding the issue desired. Send ad 
copy to Classified Advertising Dept., Water Pollution 
Control Federation, 4435 Wisconsin Ave., Washington 
16, D. C. Send replies to same address for ads with 
JouRNAL box numbers. 


Personnel Wanted 


Sanitary engineer with 3 to 10 yr experience 
in preliminary studies and/or design of sanitary projects. 
Long-established consulting engineering firm offers perma- 
nent employment with opportunity for advancement. 
Please submit resumé of education, experience, and 
salary requirements to Box CD-6, JOURNAL WPCF. 


Treatment plant maintenance foreman—Age 25 
to 55; salary $420 to $480, plus fringe benefits, Career 
opportunity in the fabulous Valley of the Sun with the 
nation’s fastest growing city. Considerable experience in 
sewage treatment plant maintenance and operation, with 
some supervisory experience and high school diploma. 
Send resumé to City of Phoenix Personnel Department, 
324 W. Washington, Phoenix 3, Ariz. 


Superintendent of primary sewage treatment 
plants treating 25 mgd. Requirements: 3 yr in charge 
of primary sewage treatment plant with separate sludge 
digestion; age 25-40. Salary: $6,000-$6,400. Position 
under Civil Service, with liberal pension, vacation, in- 
surance, and sick leave benefits. Write for application 
form to J. W. Whisman, Engineer in Charge, City of 
Knoxville, Sewage Disposal System, P.O. Box 33, Knox- 
ville, Tenn 


Water pollution control engineer A, or water 
pollution control specialist for work with industrial 
wastes. Salary range: engineer, $5880-$7344; specialist, 
$5640-$7032 Qualification standards: engineer, B.S. 
degree in chemistry or chemical engineering, preferably 
with options in sanitary engineering and at least 1 yr 
sanitary engineering experience; specialist, B.S. degree 
in chemistry or the biological sciences, and 1 yr experi- 
ence in pollution control work. Apply to Virginia State 
Water Control Bd., P. O. Box 5285, Richmond 20, Va 


Personnel Available 


Superintendent or assistant superintendent, 
sewage treatment plant Experience as superintendent 
2-stage, high-rate trickling filter plant; 8 yrs experi- 
ence in secondary treatment, 5 yrs as superintendent. 
Received diploma on sewage plant operation. State 
certified. Write CD-9, JOURNAL WPCF. 


A REAL AID TO THE 
READER 

The Water Pollution Con- 
trol Product Guide, a com- 
plete list of products and 
services, is published every 
month. For this 4-page 
feature, see page 584a of 
this issue. 


Chemical 
Research 
Engineer 


Chemical Engineer, MIS pre- 
ferred, with 3-5 years’ experi- 
ence, reporting to Manager of 
Research. To apply chemi- 
cal engineering principles to 
the water and waste treat- 
ment field. Supervise and 
evaluate experimental work 
and prepare feasibility stud- 
ies. New staff being recruited 
by nationally-known, pro- 
gressive company. 


p Send resumé and salary 
requirements to 


JOURNAL WPCF. 


MANAGER 
of 
RESEARCH 


Advanced degree in sanitary 
or chemical engineering with 
10 years’ experience in water 
and waste treatment or re- 
lated field. To direct R&D 
program of nationally- 
known, progressive company. 
Will select own staff (ulti- 
mately 15 to 20). A man of 
recognized professional 
standing and administrative 
ability is required, to origin- 
ate and apply new methods 
and procedures to the de- 
velopment of new processes 
and equipment designs. 


e@ Send resumé and salary 
requirements to 


CD-8 JOURNAL WPCF. 
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Chemical Feed 


Building Materials 
( 


Sewer Cleaning Equipment 


Sewer (see Inspection, 


usher & Pulverizer Co. 


lotation Equipment (see 


a andling and Control 
Ce 


Nict Ener. & Research Corp 
Walker Process Equipment Inc 
Zimpro, Div. of Sterling Drug In 


Sludge Kemoval Equipment 


Jeffr Mig. Ce 

I Belt Co 

Webster Mfg., Inc 

Zimpro, Div. of Sterling Drug Ine 


Sludge Shredders 

Alpha Ltd. (Switzerland) 

ndler Crusher & Pulverizer Co 
Mig Ce 


Spray Nozzles (see Nozzles, Spray) 


kets 
} 


Belt Ci 
‘-Belt ( 
Steel Pipe Products 
Arr Drainage & Metal Products, 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Swite 

\ td. (Switzerland) 
Electric Co 

Wi house Electric Corp. 
Worthington Corp 


ranks 
Chain Belt Co. 
Link-Belt 


4. O. Smith Corp 
Stebbir Engr. & Mfg. Co 


Television, Closed Circuit 
Inspectoline 


Fools 
exible Inc 
Transformers 
ha Ltd. (Switzerland) 
General Electric Co 
We gt e Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Trickling) 


Trucks and Tractors 


Turbines 
\ 


rp 


Vacuum Filters (also see Filters, 


Bird Machine Cc 

Dorr-Oliver Inc 

I Corp 

Komline-Sanderson Engr. Corp 
Proportioneers Div., B-I-F Industries 


Valve Converters, Automatic 
C. H. Wheeler Mfg. Co 
Valves and Gates 
Drainage & Metal Products, 


Bu s-Providence Div., B-I-F In- 
Le Corp 
} Equipment Corp 


tration » 
Homestead Valve Mfg. Co 
Industrial Materials Co 


Roots-Connersville Blower, Div. of 
Dresser Industries Ir 

Simplex Valve and Meter Co 

4. P. Smith Mfg. Co 


Snow Gates & Valves, Inc 
Westinghouse Electric Corp 
W-K-M Div. of ACF Industries, Inc. 


R. D. Wood Co 
Yeomans Brothers C 
Vessels (see Tank 


Weighing Device 
Builders-Providence B-I-F 


Fairbanks, Morse & Co 
Fisher Scientific Co 


Wallace & Tiernan Inc 
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Bia. Pumps, Airlift Fischer & Porter Co | Link-Belt C : 
Dav ( Fisher Scientific Ce | 
Be. General Electric Co ¢ 
Instruments D : 
Pumps, Gas Ohmart Com 
esser Industrie ( 
a Sutorbilt Corp Wallace & Tiernan Inc x 
Pumps, Grit ‘ 
Pumps, Sewage hne-Manvill 
Johns-Manville Sa Cor 
American Well Work Robinson Clay Product Co. | 
ee Aurora Pump Div., The New York Engr. & Mfg. Co 
Chicago Pump Co quipment | | 
Eimco Corp Sampling Equipment 
Soe Fairbanks, Morse & ¢ Chicago Pump ( | 
Gorman-Rupp Inf Ir | 
Infilco Ir Lakeside Engineering Corp 
Sir Ingersoll-Rand Co. Sand, Gravel, and Stone 
a Mariow Pumps, Div. of Bell & Gos- | Graver Water Conditioning Co a 
sett Ci 
Smith & Loveless Screening Equipment 
oe Sutorbilt Corp Alpha Ltd (Switzerl and) : 
Ae Wallace & Tiernan I \me Well Works tp 
Phe. Wemco Div., Western Machinery ( ‘ Belt 
asi C. H. Wheeler Mfg. Co Chicago | +; Co 
Worthington Cor; Jorr-Oliver 
Yeomans Brothers ( Corp 
Timex & Frances Bay Foundry & Machine | 
American Well Work Link-Belt C | 
The New York W ker Process Equipment Inc 
Ralph B. Carter ( 
ae Chicago Pump Cx Sedimentation Equipment (also | 
Dorr-Oliver Inc | ee Clarifier Equipment) 
ag Eimco Corp Alpha Ltd. (Switzerland) | 
Cae Fairbanks, Morse & C | American Well Works ‘ 
Bett Gorman-Rupp ¢ | Ralph B. Carter ¢ | 
Hardinge Co., Inc . Belt | 
Infilco In | Dorr-Oliver 
ene Komline-Sanderson Engr. Corp Bur Cory 
Bit Manton-Gaulin Mfg. Co., Inc | Graver Water Conditioning Co. ‘ 
SAAN Marlow Pumps, Div. of Bell & Gos- Hardinge ( Ir | i 
Nagle Pumps, Inc Mig. ¢ | 
Re Sutorbilt Corp e-Sanderson Engr. Corp 
Wallace & Tiernan | | Lakeside Engineering Corp Corp 
She Wemco Div., Western Machinery Co. | Link-Belt ¢ Ks 
eS Worthington Cory Walker Process Equipment Inc. ee : 
Yeomans Brothers ¢ Ye ns Brothers 
Pumps, Vacuum Flexible Ir 
pees Ingersoll-Rand Cx Homestead Valve Mfg. Co | 
ea ye Roots-Connersville Blower, Div. of Nat | Water Main Cleaning Co | ms 
Dresser Industries Inc 
Sutorbilt Corp 
1 C. H. Wheeler Mig. Co ; 
. 
Aure Pump 1 
Div The New York Alpha Ltd. (Switzerland) 
ee Ralph B. Carter Co | Chain Belt Ce 
| Gruendler Cru 
Chicag m ) | 
Pump Ce | Jeffrey Mig. Co 
Paichanks’ Morse & Co Ye mans Brothers Co. 
Be Gorman-Rupp Co Siphons I Valve ¢ Z 
Re: Ingersol-Rand ( | Alpha Ltd. (Switzerland) Mueller ¢ 0. 
Sg Marlow Pumps, Div. of Bell & Gos- American Well Works h r ( 
sett | Ralph B. Carter Co 
Wallace & Tiernan Inc | Ei Corp 
C. H. Wheeler Mfg. Co | Infi Inc 
Worthington Cor Lakeside Engineering Corp. 
Yeomans Brothers | Pacific Flush Tank Co, 
Zimmer & Francescon | Yeomans Brothers Co 
| Sludge Concentrators | 3 
‘a Radiation Monitoring Equip-| Fi Corp 
ee ment Nichols Engr. & Research Corp 
Radios, Mobile Flot 
Recorders (also see Instruments, ( in : 
Recording, and Control) Dorr-Oli¥ 
ae Builders-Providence Div., B-I-F In- | Eimco Corp 
dustries Jeffrey Mfg. Co. 
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2 new manuals— 


UTILITIES ACCOUNTING MANUAL 


PLANT OPERATION MANUAL 


manual of practice 10 


Uniform System of 
Accounts for 
Wastewater Utilities 


A 72-page, completely revised ver- 
sion of the 1949 accounting manual. 


Provides the entire accounting pro- 


cedure for a wastewater utility. 


For members, $2.00; for others, 


$3.00. 


Enclosed is remittance for $ 


Member Association 
Name 


Street 


Water Pollution Control Federation 
41435 Wisconsin Avenue, Washington 16, D. C. 


If invoice is required postage will be 
added. Checks may be made payable to WPCF, 


Please send copies MOP-10; 


manual of practice I1 


Operation of 
Wastewater 
Treatment Plants 


Several years in preparation—re- 
cently serialized in the Journal— 


now available as a bound manual. 


A well-illustrated manual of nearly 
200 pages, packed with information 
of real help to the plant operator. 


For members, $2.00; for others, 
$3.00. 


copies MOP-11. 
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Rochester; and Newell L. Nusshaumer. 
Consulting Engineer, Buffalo. 
““Organie Pollution and Self Puri 
fication of New York Harbor,’’ by 
John S. MeCahe. Project 
Lockwood, Kessler 


Eneineer, 


and Bartlett, Svos 
O'Connor. Associate 


Man 


set; and Donald JJ 
Professor of Civil 
hattan College, Riverdale 
‘Design Features of the 
New Jersey Sewage Works,’ by John 
G. Albertson, Partner, Albert 
son and Associates, New York City. 
‘*Interstate Elutriation of Digested 
Sludge at Owls Head Plant,’’ by A. H. 
Chasick, and R. 


Engineer, 


Engineering, 
Hoboken, 


bowe, 


Engineer in Charge, 
T. Dewling, Assistant Civil 
both of the Sewage Treatment Section, 
Bureau of Sewage Disposal, Depart 


ment of Public Works, New York City. 
These are the officers for 1961: 


President: Guy Griffin, Chappaqua. 
Vice-President: John J. Batfa, New 
York. 


WANT 
THE 
FACTS? 


Our new 4-page Market Facts 


will give you a comprehensive 
analysis of the w astewater 
market. It includes current 
and 


needs, buying practices, com 


activity, present future 
plete list of products, total an 
nual expenditures by products. 
Write for your complimentary 
copy. 

JOURNAL WATER POLLUTION 


CONTROL FEDERATION 
4435 Wisconsin Ave., Washington 16, D. C. 


JOURNAL WPCF 


Treasurer: D. B. Steveus, Albany 
Directors: G. A. Fleet. White Plains ; 
and R. C. Sweeney, White Plains. 
Krecutive Se 


retary: R. C. Sweeney. 


Paul Tl 


Issistant Secreta y-Treasurer: 


Berry, Rensselaer 


R. C. SWEENEY 


E re cutive Ne cre tary 


INDIANA WATER POLLUTION 
CONTROL ASSOCIATION 


The 24th Annual Conference of the 
Indiana Sewage and Industrial Wastes 
held at the Hotel 
Washington, Indianapolis, Ind., Nov. 
16-17, 1960. Total was 
186, plus approximately 20 ladies. The 
members voted 


Association was 
registration 
present to change the 
name of the association to the Indiana 
Water Pollution Control Association. 

Harry E. Schlenz, WPCF Vice- 
President, represented the Federation 
at the meeting. A speaker at both the 
banquet and the business meeting, he 
complimented the Indiana Association 
on its membership inerease and on 
winning the membership award of the 
Federation. Mr. Schlenz presented the 
Bedell Award to B. A. Poole, Direetor, 
Bureau of Environmental Sanitation. 
Indiana State Health and 
Executive Seeretary, Indiana Stream 
Pollution Control Board; and the Hat 
field Award to W. W. Mathews, Super- 
intendent, District, 
Gary. 

Officers for 1960-61 are: 


Board of 


Gary Sanitary 


President: George K. 
dianapolis. 

First Vice-President: 
Bender, Indianapolis. 

Vice-President: 
Wraight, Indianapolis. 

Director: W. W. Mathews, Gary. 

Victor 


Erganian, 
Dwight 


Necond Frank 


Secretary-Treasurer: 


Wag- 
ner, Indianapolis. 
Victor G. WAGNER 
Secretary-Treasurer 
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STANDARD METHODS 
11th Eition 


NEW TITLE 


JOINTLY PRODUCED 


DETAILED COVERAGE 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


> 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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Portable Engine-Generators — The 
Katolight Corporation has provided a 
new series of generator sizes. Longer 
life is claimed, and various starting ar- 
rangements are available. A 
chure and additional information may 
be obtained by writing to Katolight 
Corp., Box 891, Mankato, Minn. Also 
ask for a complimentary copy of their 
Life of the Party”’ 


new bro- 


song book. 
Automatic Valve Actuating Conver- 

sion Unit 

be converted to 


Hand-operated valves may 
electrie-motor opera- 
tion, with either push-button or remote 
control. The installation can be done 
by one man in only four hours. Fur- 
ther information may be had by writ- 
ing C. H. Wheeler Manufacturing Co., 
19th and Lehigh Ave., Philadelphia 32, 
Pa. 


Flexible Flanged Coupling Adapters 
—KFKase of installation of valves, meters, 
product, is 
Particu- 


ete., by use of this new 
claimed by the manufacturer. 
lars are given in catalog No. 1255. 
Smith-Blair, Railroad Ave., 
South San Franeiseo, Calif. 


Ine., 535 


Solids Flow Meter—A illus- 
trated specification sheet describing the 
operation of a new solids flow meter is 
available from the Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 


new 


EQUIPMENT AND SUPPLIES 


Turbidity Transmitter—An instru- 
ment that measures the percentage of 
solids in a liquid and transmits this 
measurement to recording equipment is 
available. The unit includes a 
flow chamber, a light and a 
Bailey bolometer. Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland, Onio. 


now 


source, 


Car Desk—A new portable ear desk, 
clip board when detached, is designed 
to fit all cars or trucks. It has a 12- 
by 20-in. writing surface, and comes in 
either masonite or plastic. Mishek 
Supply Co., Waseea, Minn. 
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| Water Pollution Control Federation 
| 4835 Wisconsin Avenue, 


| Enclosed is remittance for $_.. 


WPCF publications 


Safety in Wastewater Works 


Information on hazards, accident statis- 
tics, rescue methods, safe practices, and 
equipment. 56 pages. $0.75 to members; 
$1.50 to others. Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner. 120 pages. $0.75 to mem- 
bers; $1.25 to others. Item MOP-2.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Item MOP-7.* 


Sewage Treatment Plant Design 

Prepared jointly with ASCE. Detailed 
presentation of the subject. 375 pages. 
$3.50 to members; $7.00 to others. Item 
MOP-8.* 


Design and Construction of 
Sanitary and Storm Sewers 


Prepared jointly with ASCE. Detailed 
presentation of the subject. Issued early 
in 1960, now reprinted with extensive cor- 
rections to several pages. (Complimentary 
reprint of the corrected pages available 
for 1960 edition.) 283 pages. $3.50 to 
members; $7.00 to others. Item MOP-9.* 


Uniform System of Accounts for 
Wastewater Utilities 

A completely revised, 72-page manual 
of the 1949 accounting manual. Provides 
the entire accounting procedure for a 


utility. $2.00 for members; $3.00 for 
others. MOP-10.* 


Operation of Wastewater 
Treatment Plants 

Recently serialized in Journal, now bound 
as a manual. Tremendously helpful for 
plant operators, with nearly 200 pages, 


fully illustrated. $2.00 for members; $3.00 
for others. MOP-1I1.* 


Twenty-Year Index to Sewage 
Works Journal 

Covers Sewage Works Journal, 1928- 
1948. Author, subject, and geographic. 


144 pages. Buckram bound, $3.00. Item 
Dex-20. 


Ten-Year Index to Sewage and 
Industrial Wastes 
Covers Sewage and Industrial Wastes, 


1949-1958. Author, subject, and geo- 
graphic. 168 pages. Buckram, $4.00; heavy 
paper, $3.00. Item Dex-10. 


Glossary—Water and Sewage 
Control Engineering 


Prepared jointly by the Federation, ASCE, 
AWWA, and APHA. 2,600 terms per- 


taining to nomenclature. 274 pages. 
$1.00. Item Gl. 
Binder 

Multiple wire, 2-in. capacity, for all 
MOP’s listed except 8 and 9. $2.00. 


Item Bi.* 


* Discount of 15% on 
more of any one manual. 


orders for 12 or 


m_ | Copies | Cost || Item | Copies | Cost || Item | Copies | Cost 
|MOP-8 | Dex-20 
MOP-9 || Dex-10 


(Please Print) 


If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 
| Member Association 
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MOP 9—SEWER DESIGN AND CONSTRUCTION 


“Design and Construction of Sanitary and Storm 
Sewers,” issued in 1960 in cooperation with the 
American Society of Civil Engineers, is MOP 9 in the 
Federation “Manuals of Practice” series. 


Detailed coverage of project planning, investiga- 
tions, hydraulics, design, construction materials and 
methods, specifications, structural requirements of 
storm and sanitary sewers, and pumping stations are 
included in this illustrated, 283-page manual. 


A 1961 reprinting is now off the press with correc- 
tions to several pages. For those with the 1960 
edition, a complimentary reprint of the corrected 
pages is available. This reprint can be cut apart 
and pasted over the pages to be corrected. 


An order form is included on the Publications 
page in the back of this issue. The list price is $7.00 
postpaid when remittance is with order. For Fed- 
eration members the price is $3.50. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Jams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


Your firm should be 
listed here 


the most complete direc- 
tory of firms specializing in the 
wastewater field. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., INC. 
Consulting Engineers, Planners & Surveyors 
Atrport, Highway & Bridge Destgn; Water & Sewerage 

Vunicipal Engineering; Photo Mapping 
Ctty Planning, Urban Renewal & Redevelopment 
Sotls Lab; Complete Survey Servtce 

Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 

Jackson, Miss. Charieston,W.Va. Harrisburg, Pa. 

Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 

P.0. Box 9997 P.O. Box 2148 P.O. Box 7 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Ulinols 


THOMAS W. BEAK 


Industrial Water Pollution Specialist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


P.O. Box 220, Collins Bay, Kingston, 
Ontario, Canada 


BENJAMIN E. BEAVIN COMPANY 
CONSULTING ENGINEERS - SURVEYORS 


Water Supply, Sewerage, Drainage 
Soils and Geologic Engineering 
Ports, Airfields, Highways, Structures 


BElmont 5-4570 104 E. 25th St. 
Baltimore 18, Maryland 


HOWARD K. BELL 
Consulting Engineers, Inc. 
WATER WORKS SWIMMING POOLS 
INDUSTRIAL WASTES DRAINAGE 
SEWERAGI GAKBAGE DISPOSAL 
VALUATIONS RATES REPORTS 
OPERATION SUPERVISION 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 
Established 1909 


Need professional help? Check these pages for the firms in your area. 
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PROFESSIONAL SERVICES 


BETZ LABORATORIES, INC. 


Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


BLACK, CROW AND EIDSNESS 


ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
valuation, special investigations 
and reports, laboratory services 


waste treatment 


700 S.E. Third Street Gainesville, Florida 


BLACK & VEATCH 
Consulting Engineers 
Sewage -— Gas — Water — Electricity — Industry 
Reports, De sign, Supervisi 


ion, Investigations 
ition and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 


IvaAN L. BoGert 


RoBerRT A. LINCOLN 
CHARLES A. MANGANARO 


WILLIAM MARTIN 
Water & Sewage Works 
Drainage 

Highways and Bridges 


Incinerators 
Flood Control 
Airfields 


145 East 32nd Street, New Vork 16, N. YW. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Labor tlory Service 
75 West St. 
New York 6, N.Y 


1000 Farmington Ave 
West Hartford 7, Conn. 


BOYLE ENGINEERING 


Consulting Engineers 


Water Sewers — Streets 
Structures Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 


4525 Mission Gorge PI. 
Santa Ana, Calif. 


San Diego 20, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER 


CONSULT 
CHEMICAL AN 


STRIAL WASTE 
OPERATION 


CAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


CHECK HERE 
Whenever You Need 


Pre fessional \dvice 


FLOYD G. BROWNE AND ASSOCIATES | 
CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power und Industrial 
Plants — Industrial Waste Treatment and Disposal 


Reports 


125 West Church Street 


- Designs — Supervision — Operation 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 


ONLY $75 


for 12 ads, plus complimentary 

JOURNALS during your series. A 
and Water Purification 
Valuations and Reports card 


Specializing in Sewerage aud Sewage Disposal, 

Water Supply 
presents your services to the 
Chemical and Biological Laboratories largest group of 


prospective ¢ lients 
112 East 19th Street 


wactew eld 
New York 3, N. ¥. in the wastewater fiel 


Your professional card should be among these. 


4 wt! 
are 
| 
| 
| 
igh 
| 
: 
BACT 
| 
| 
| 
| 
2 
| 
| 
| 


JOURNAL WPCF 


Burcess & NIPLE 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 


Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street Boston 8, Mass. 


Capital Engineering 
Corporation 
Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 


Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix 12, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants-—Incineration—Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 
Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment— Highway 
and bridges— Airports—Urban renewal-— Electric 
and gas transmission lines—Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 


360 East Grand Ave. Chicago 11, Ill. 


CRAWFORD, MURPHY TILLY 
Consulting Engineers 
Water and Sewerage Systems 
Sewage and Wastes Treatment 
Storm Drainage— Flood Control 
Impounding Reservoirs——-Pollution Control Studies 
Surveys, Reports, Design, Supervision 
Phone: 217-528-5619 


755 South Grand West Springfield, Illinois 


Damon & Foster 
Consulting Civil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 


Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers 


A professional card presents your services to over 10,000 readers. 
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PROFESSIONAL SERVICES 


PROFESSIONAL 
SERVICES 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distr 
Bridges Expre 


ibution—Incinerators 


Airports Port and 


Industrial Buildings 


s Highways— 


Terminal Works 


11 Beacon Street 


Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CONSULTING ENGINEERS 


Water Supply, Water Treatment 
Treat 


strial Waste Treat 


Sewerage, Sewage ent 


Indu ent 


2130 Madison Avenue 


Toledo 2, Ohio 


FRIDY, GAUKER, 
TRUSCOTT & FRIDY, INC. 


Engineers 
Sewerage and Sewage Treatment 
Industrial and Dor Water Supplie 
Citic Towns & ( lated Comn itie 
Surv R and Complete Design 


1321 Arch Street Philadelphia 7, Penna. 


FROMHERZ ENGINEERS 


Structural - Civil - Municipal 


Four Generatior Since 1867 
Water Sup Sewe Structures; 
Drainage ; Foundatiot 
Industrial Wa Disposal 


Investigations ; Reports 
Specifications 


816 Howard Avenue 


Plans and 
Supervision 


New Orleans 12, La. 


A PROFESSIONAL CARD 


preset services to over 10,000 
paid readers with each issue of the 
Jour This is where potential 
clients seek professional assistance 


THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


GANNETT FLEMING CORDDRY AND CARPENTER, INC. 


Engineers 


Wastes & Cart 


Traffic 


age D 
& Parking—Apy 


Sewage, Industria 


Pittsburgh, Pa. 


osal 


Dams, Water Works, 
raisals 
HARRISBURG, PENNSYLVANIA 
Branch Offices 
Philadelphia, Pa. 


Highways, Bridges & Airports, 
stigations & Re; 


Inve 


rts 


Daytona Beach, Fla. 


GIBBS & HILL, INC. 
Consulting Engineers 
Industrial and Municipal Waste Treatment 

Water Supp Treat 
Electric Power and Transr 
Transportation and Comm 


and ment 
nission 


Inieation 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 


Flovd Control, Drainage, Refuse 


Disposal! 


Sewerage sewage 


Treatment 


14 East Jackson Boulevard, Chicago 4, Ilinois 


HOWARD R. GREEN CO. 
Consulting Engineers 
Established 1913 


Wastes 
trial Project 
Cedar Rapids, lowa 


iter, Sewerage & In 
Public Works & In 


Green Engineering Building 


Take advantage of the services of these outstanding firms! 


$ 
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Charles W. Greengard 
Associates 
Consulting Engineers PROFESSIONAL 
Sewage Treatment, Sewerage, Drainage, 
Water Supply, Industrial Waste Treat- 
want. Roads, Subdivisions, Investigations, SERVICES 
Reports, Designs and Supervision 
Deerfield, Ilinois 


| L. B. GRIFFITH HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEER CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes—Hydraulics 
Research, Reports and Designs on Sew- Reports, Design, Supervision of Construction 


age and Industrial Waste Treatment. 


Appraisals, Valuations, Rate Studies 


450 West Broad St. Falls Church, Va. 1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 


HAZEN AND SAWYER 


A. A. Burger A. M. Mock facies 
J. W. Avery F. S. Palocsay ENGINEERS 
E. S. Ordway G. H. Abplanalp Ricuarnp Hazen Avrrep W. Sawyver 
S. H. Sutton H. E. Hupson, Jn. 
Frank C. Tolles, Consultant 
Consulting Engineers Water and Sewage Works 


WATER, SEWERAGE, GARBAGE, INDUSTRIAL Drainage and Flood Control 
WASTES, VALUATIONS——LABORATORIES 


Leader Bldg. Woolworth Bldg. 360 Lexington Ave., New York 17, N. ¥. 
Cleveland 14, Ohio New York 7, N. Y. 


ANGUS D. HENDERSON HENNINGSON, DURHAM 
Consulting Engineers & RICHARDSON 


Anaus D. Henpenson Tuomas J. Casty Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 

Water Works, Light and Power, Sewers, Sewage 

Treatment, Reports, Flood Control, Appraisals, 

330 Winthrop St., Westbury, New York Drainage, Industrial Works 


355 Knollwood Ave., Douglaston, L. I., New York Omaha « Colorado Springs « Phoenix « Dallas 


Water Supply and Sanitation 


HORNER & SHIFRIN George E. Hubbell Albert Roth Homer W. Clark 
Theodore G. Biehl George S. Roth James W. Hubbell 


Consulting Engineers 


E. E. Bross V. C. Liscuer HUBBELL, ROTH & CLARK, INC. 


Airports, Sewerage & Drainage, Hydrology, Consulting Engineers 
Sewage Treatment, Industrial Waste Treatment, 


° Water Supply & Treatment, Paving, Structures, Sewage and Industrial Waste Treatment 
Industry Engineering Services Sewerage and Drainage Systems 
1221 Locust Street St. Louis 3, Mo. 954 N. Hunter Blvd. Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 1679 Niagara St. 
Professional Engineers Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL SERVICES 


Consulting 


Sanitary and Public 
Planning— Desig 
Sewage— Refuse 


Air Pollution Contro 


WILLIAM T. 


INGRAM 


Engineer 


Health Engineering 
Research Water 
Industrial Wastes 


l—Industrial Health 


Offices: 


East Coast 
20 Point Crescent 
Whitestone 57, N.Y 


West Coast 
90 Panoramic Way 
Walnut Creek, Calif. 


Water 
Sewer 


Report 
1392 King Ave. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 


Cor Itants 


y, Treatment & Distribution 


Treatment 


Sewage 


Design 


Construction 


Columbus 12, Ohio 


Consulting 
Sewerage—Water 
Nt 


Highways—Mun 


JOHNSON & ANDERSON, 


Engineers 
& Distributi Bri 
I d ( 


gineering 


& DI 


2300 Dixie Hwy., 
FE 
Warren Office 
24187 Ryan Rd. 
Warren, Mich, 
SLocum 7-1167 


Pontiac, Mich 


2-O181 


Flint Office 


604 Metropolitan Bldg. 


Flint, Mich. 
CEdar 9-4102 


Sewe 


JONES, HENRY 


Consulting Engineers 


rage & Treatment 


Waste Disposal 
2000 West Central Ave. 


& WILLIAMS 


Water Works 


Toledo 6, Ohio 


KENNEDY ENGINEERS 


COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and ©; ition 
Sewerage, Sewage Treatment and 


Industrial Wa 


Chemical and Biok 


ste Disposa 


Laboratory 


gleal 


604 MISSION ST., SAN FRANCISCO 5 


Los Angeles 


Salt Lake City 


Tacoma 


KIRKHAM, MICHAEL & ASSOCIATES 


ENGINEERS - ARCHITECTS 


STREETS — AIRPO 


Omaha, Neb. 


Rapid City, S. 


Fargo, N. D. 


| & Industrial 


Services: Investigations 
Supery n of Co 


Rates 


WAGE & WASTES 
rS— BRIDGES & STRUCTURES 


50S South 19th St. 
D. 519 Kansas City St. 
802 Sixth Avenue North 


MORRIS KNOWLES Ince. 


Engir 


and 
Laboratory, 


age sewace 


1312 Park Bidg. 


Water Supply and Purification, Sewer 


teers 


sposal, 


Valnations, 


‘ity Planning 


Pittsburgh 22, Pa. 


KOEBIG 


Consulting Engineers Since 1910 


3242 West 8th Street, Los Angeles 5, Calif. 


AND KOEBIG 


Sanitary Engine 
Consulting 
Water, Sewage, Drainage 


orts Designs 


Rey 
Of Construct 


Chemical & Biol 
4481 South Broad St. 


LANNING 


ering Co., Inc. 
Engineers 
I rial Wastes 


g) al Lab Tat 


rrenton 20, N. J. 


Water, Sewage 


Water Pollution Studies 
Aerial Mapping, Highways, and Bridges 4 


Syosset, New ¥ 


Bogota, Colombia 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 


Industrial Wastes, Incinerators, 


Municipal Engineering, 


ork - San Juan, Puerto Rico 


Lozier Consultants, Inc. 


Engineers 


Sewerage, Sewage Disposal, 


Water Supply 
fication, Ref 
10 Gibbs Street 


, Water Puri- 
use Disposal 
Rochester 4, N. Y. 


CHARLES A. 


Sewage 


Water 


Drainage 


14 Court Square 
1100 Turks Head Building 


MAGUIRE & ASSOCIATES 


Engineers 


Collection and Disposal 
Ss lv and Distribution 
Refuse and Pipelines 


Boston 8, Mass. 
Providence 3, R.I. 


Largest professional services section in the wastewater field. 
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CHAS. T. MAIN, INC. 


Consulting Engineers Since 1893 
STUDIES * DESIGNS *« CONSTRUCTION MANAGEMENT 
REPORTS VALUATIONS 
Water Supply and Treatment © Sewerage 


Sewage Disposal ¢ Industrial Waste Treatment 


BOSTON, MASSACHUSETTS « CHARLOTTE, N. CAROLINA 


McNAMEE, PORTER AND SEELEY 
Consulting Civil Engineers 


Water Supply and Treatment 
Sewerage and Sewage Treatment 
Drainage Waste Disposal 


Established 1914 
2223 Packard Road, Ann Arbor, Michigan 


GEORGE B. MEBUS, Ine. 
Consulting Engineers 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


MeTcALF & Eppy 
ENGINEERS 
Soils, Foundations, Waterworks, Sewage 
Works, Drainage, Irrigation, Flood Con- 
trol, Refuse, Industrial Wastes, Airports, 
Highways, Military Projects, Industrial 
and Commercial Facilities 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations Design—Operation 


535 BE. Walnut St. Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 


400 East Genesee St. Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE G@ DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural Power 


165 Broadway 


Transportation 


New York 6, N.Y. 


PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W. M. PIATT, Ill 
Cc. lting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 
Water Supply Water Treatment 
Sewage and Waste Treatment 
Drainage - Rates Refuse Disposal 
25 West 43rd Street 3013 Horatio Street 
New York 36, N.Y. Tampa 9, Florida 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RADER AND ASSOCIATES 
Engineers and Architects 


Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 


The First National Bank Building, 
Miami 32, Florida 


Check these pages for the professional firm near you. 
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SERVICES 


REAVES, GREGORY 
& KNOWLTON 
Consulting Engineers 

Paut C. REAvVEs 
D. Grecory 
R. L. (Dick) KNowLron 


100 N. University Drive Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 


Planning + Reports 
Design + Supervision 


BOX 4817 - JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
trial Water Pur 


fi 


ication 


Sewage it Plant Superv 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 


Analyses 
369 E. 149th St. New York 55, N.Y. 


MOtrt Haven 5-2424 


WILLIAM G. RIDDLE 
& ASSOCIATES 


Consulting Engineers 


916 WEST 471 STREET e PLAZA 3-2300 
KANSAS CITY 12, MISSOURI 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Design—Supervisior 
Water Works Systems, Filtrat 
Plants, Reservoirs and 
Storm Sewers, Sewage 
Refuse Disposal 


2747 Zuni Street 


Softening 
nitary and 
“atment Plants 
Airports 

Denver 11, Colorado 


Da 
Tre 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
tate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


TRUMAN SCHLUP 
CONSULTING ENGINEER 


Highways, Structures 


Water, 


Design 


Sewerage 
Reports 


Investigations, Supervision of Construction 


1401 Fairfax Trafficway Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Construction Appraisals 

Water - Sewage Expre 
Bridges - Fou 
Drainage -A 
Subdivisions 


Streets VAVS 


Ind 


2910 Topeka Blvd. Topeka, Kansas 


J. E. SIRRINE COMPANY 


Engineers 
—/ Since 1902 
GREENVILLE, SOUTH CAROLINA 


De 


mn, Reports, Consultations 

Water Supply and Treatment 
Sewage and Industrial Waste Treatment 
Cher nalyses 


land Bacteriological A 


SMITH 


Consulting Engineers 


and GILLESPIE 


All types of 
Municipal Public Works & 
Utilit 


Complete Services 


P. O. Box 1048, Jacksonville, Fila. 


John R. Snell 


Inc. 221 N. Cedar Lansing, Mich. ® !Vanhoe 4-9493 
Water Purificat ® Water Supply @ Sewerage Systems ® 
Sewage Treatment ® Ref Collection ® Composting ® Incin 


eration ® Urban F 
Streets ® Soils 


Industrial Waste ® Bridges and 
® Research and Development 


These firms are alphabetically listed at end of section. 
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STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Ilinois 


Hanna"Building 
Cleveland 15, Ohio 


ALDEN E, STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposa 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 
Civil — Sanitary — Structural 


401 N. Federal Mason City, 


R. E. WARNER & ASSOCIATES 


Engineers 
CHerry 4-2286 


Broadway Bldg. Lorain, Ohio 


J. STEPHEN WATKINS 
J.S. WarKINs G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

446 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


LEONARD S. WEGMAN CO. 


Consulting Engineers 


Water, Sewerage and Drainage Works 
Incinerators 


Sanitary, Industrial Wastes—Treatment, Recovery 


Erosion, Flood and Waterfront Works 
Reports — Design — Supervision 


235 East 45th St. New York 17, N. ¥. 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Water—Sewage—Industrial Wastes— Refuse 
Stream Pollution—Air Pollution 
Industrial Hygiene 
Surveys—Research—Development— Process 
Engineering — Plans and Specifications 
Operation Supervision — Analyses 
Evaluations and Reports 


N Square, P. yl 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


A PROFESSIONAL CARD 


presents your services to over 10,000 
paid readers with each issue of the 
Journat. This is where potential 
clients seek professional assistance. 


WRITE TODAY 
FOR RATES 


Contact prospective clients every month with a professional card. 
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INDEX TO ADVERTISERS 
(See pages 584a, 586a, 588a, and 590a for full listing of products.) re 
Amercoat Cor; 5708 
Anaconda Am Br Company S7la 
Armco Drainage a Metal | i l porated S64a 


Aurora Pump Divisior he N \ Air Brake Compa 75a 
B-I-F Industri Ir [ alt second Cover 


Cast Iron Pipe Research A i 558a. 559a 
Chain Belt 
Chicago Pump ( Facing Second Cover 
Davco Corporati 585a 
Dorr-Oliver | 582a 
Dow Industria SSla 
Eimco Corpora 560a, 56la 
Filtration Equipms Corporatior 580a 
Flexible por 567a 
Inertol Company, | | 
Infilco Incorporated 5$7a 
Johns-Manville Sales Cor; t 579a 
Komline-Sande n Eng g ( it 
Lock Joint Pipe ¢ Third Cover 
National Clay Pipe M I worater 
National Water M Cleaning ( 576a 
Nichols Engineering Re h ¢ ior 553a 
Ohmart Corporation 587a 
Pacific Flush Tank par $65a. 566a 
Robinson Clay Product $74a 
Varec, Incorporated 
Walker Proce Equit In Facing Third Cover 
Wallace and Tie n | porated 563a, Fourth Cover 


Western Machine ( pan} 578a 


Yeomans Brot! ( 62a 68a. 569a 


PROFESSIONAL SERVICES, 597a-605a 


Albright & Frie I ( ett Fleming Corddry & Car Metcalf & Edd 
Alvord, Burdick & Howson enter, In Montgomery, Tames M 


Baffa, John J. G & Hi Inc. N b er, Clarke & Vel Ir 
Baker, Michael, Jr., Inc. ( ert A ates, Ir O'Brien & Gere 

Baxter and Woodman Greeley & Hanser Parsor Brinckerhoff, Ouade & 
Beak, Thomas W Gree Howard R., ¢ Dougla 


irp & Ordelheide 


I 
I 
Emerson R 
I 


Betz Laboratories, I: Haver 


and Veatch Henderson, Angus D 
rert, Clintor Enginee He ingson, Durham & Richard- 


Engine Ri owe, Inc 

own and ( iwell Robe 1 Company Associates 
Browne, Floyd G., a Associate Russe and Axon 
Buck, Seifert 1 Jost S Truman 
Burgess & N Servis, Van Doren & Hazard 
Burns & McD é Sirrine, J. E., Co 
Camp, Dresse Mck Smith and Gillespie 
Capitol Eng ( Sneé John R Engineers, Inc 
Carollo, John Stanley Engineering Co 
Chester Engines Stilsor Alden | & Associate 
Consoer, Townse & A Tighe & Bond 
Crawford, M & ‘I W e & Holland 
Damon & I W R. E., & Associate 
Dow Industrial § Wat J. Stephen 
Fay, Spofford & Tt like, I Weg Leonard S., ¢ 
Finkbeiner, Pettis & Str We Roy F., Ir 
Fridy, Gauke I tt & | ar 

Wi & Howard 


Fromhe rz Engi 


PATRONIZE OUR ADVERTISERS—whose support makes possible the publication 
of this journal When writing advertisers be sure to mention JOURNAL of the WATER 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


@ Ge 


TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 


latest information for those 


interested in plant design. 


(WPCF MOP 8). 


e SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 
Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


illustrations. (WPCF MOP 9). 


FEDERATION 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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INSERTS assure 


Repeating clusters of accurate Teflon orifices cause— 
—sudden change in energy immediately above 
SPARJERS to produce small bubbles. 
—exceptional air lift with greater tank “roll” 
and surface turbulence. 


SPARJERS ing phenomena, encountered when certain 


ffe ore assurance that even infrequent colloidal clays are present in the sewage, 
plugging will not occur. Oxygenation effi- is avoided. SPARJERS, properly applied, 
ciency remains constant, operation is sim- give oxygen transfer efficiencies equal to 
plified, maintenance is avoided and powet liffuser tube elaborate air filters re 
. juired; uti ; inexpensive oil-wetted wire 
costs are reduced. Where ordinary air dif . 
baffle-type Operates trouble-free in 
fusers are ague progressive plug- 
3 all solids-in-li combinations—even in 
Ying; actual plant experience, in hundreds 
nstallations, has proven that SPé ERS 
of installatl acl en that SPARJERS More and more installations are replacing 
most nearly approach Clog-proof operation their tube diffusers with SPARJERS; and 
Particles « ‘ the exceedingly none have ever had to increase their air 


he electroplat- supply. Send for installation list 


Walker Process also offers PLATE- 
TUBE diffusers for unusually lou 
air release applications. JACK- 
KNIFE pivotal headers provide a 
convenient and economical method 
of installing SPARJERS or PLATE- 
TUBES without extensive on-the- 
job pipe work 


Walker Process Equipment Inc. 


FACTORY . ENGINEERING OFFICES . LABORATORIES . AURORA, ILLINOIS 


|. TEFLON 

Now—with Teflon inserts — 

* 


OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 
RUBBER and CONCRETE JOINT 


RUBBER GASKET— CIRCUMFERENTIAL 
REINFORCEMENT 

te 
| T 


LONGITUDINAL | NOMINAL PIPE 
REINFORCEMENT — 


SEWER AND CULVERT PIPE PLANTS: 


Kenilworth, N. J. Beloit, Wis. Denver, Colo. 
Hartford, Conn. Chicago, Ill. Cheyenne, Wyo. 

New Haven, Conn. Rock Island, Il. Casper, Wyo. 

Buffalo, N. Y. Valley Park, Mo. Tucumcari, N. Mex. 
Rochester, N. Y. N. Kansas City, Kans. Hato Rey, Puerto Rico 
Edgewater, Fla. Tulsa, Okla Carolina, Puerto Rico 


Miami, Fla. Oklahoma City, Okla. Ponce, Puerta Rico 


W. Palm Beach, Fla Wichita, Kans. 


Caracas, Venezuela 


Delivery of Havana Sewer Pipe 1907. . 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 


(ay LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Fressure « Water + Sewer » REINFORCED CONCRETE PIPE « Culvert » Subaqueous 
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W2T | COMPOUND-LOOP CONTROL 


With automation by Wallace & Tiernan your chlorination system con- 
trols itself... needs almost no attention. With Compound-loop Control, 
the residual you select is maintained. no matter how much water flow 
or chlorine demand changes. You’re always sure of water quality. 

W&T Compound-loop Control means true process control. Because it 
analyzes the end result and feeds back information which monitors your 
chlorinator, Compound-loop Control successfully achieves a closed-loop 
system. This means an operating range of greater than ]00 to 1, plus 
round-the-clock supervision without extra labor. 

And you can control free or total residual... use electric, pneumatic, 
or variable vacuum signals. W&T Compound-loop Contro. can be tailored 
to the physical layout of your system, your flow-metering equip- 
ment, your plant hydraulics. You build or convert to automa- 
tion with maximum convenience, minimum expense. 


For more information, write Dept. S-141.84 


= WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


\NCASTER PRESS NC., LANCASTER, PA 
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